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SECTION II C 


AIR QUALITY 


The air quality program is concerned with both measurements of atmos- 
pheric gaseous constituents and meteorological processes which affect 
their transport and diffusion. 


Table II C-1 of Quarterly Report #1 summarized data experimental 
programs in four areas: air quality and surface meteorology, low 
altitude meteorology, upper air studies and visibility. The fifth 
area, atmospheric diffusion studies, will utilize a combined experi- 
mentai, analytical approach. A comparison table, II C-2, reported 
associated sampling frequency and averaging times for the four experi- 
mental programs. 


An intensive, 24-hour "quick-look" at the air quality and meteorology 
of Tract C-b was conducted on 28-29 January 1975 and is included as 
reference 8 at the end of this section. 


Table/Fig. No. Description Page 
Table II C-1l References for the Basic Data PL €-Z 


These references are contained at 
the end of this section. See also 
Table II C-2. 


Table II C-2 Air Quality and Meteorology Basic PEC =5 


Data Presentation Guide 

This table summarizes the types of 
data presented in all the basic 
references at the end of this section. 
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TABLE II C-1 


REFERENCES FOR THE BASIC DATA 
(Contained At The End Of This Section) 


Air Monitoring Report for C-b Shale Oil Project. October 1974. 
Report No. 2. Radian Corporation, Austin, Texas. Radian Contract 
RC #100-056. 8 January 1975. 211 p. 


Air Monitoring Report for C-b Shale Oil Project. November 1974. 
Report No. 3. Radian Corporation, Austin, Texas. Radian Contract 
RG #100-056. 23 January 19752 ) :250' p. 


Air Monitoring Report for C-b Shale Oil Project. December 1974. 
Report No. 4. Radian Corporation, Austin, Texas. Radian Contract 
REsi100-056. ) 4° Marchel975 a7219Np. 


Quarterly Report. Air Monitoring for C-b Shale Oil Project. 
September 1974 - November 1974. Radian Corporation, Austin, Texas. 
Radian Contract RC #100-056. 24 January 1975. 390 p. 


Upper Air Studies Over Federal Oil Shale Tract C-b During Winter 1975. 
E G & G Environmental Consultants, Albuquerque, New Mexico. Contract 
No. 66123. Report No. AL-EC-117-. 14 March 1975.) 101° p: 


Upper Air Comparison Studies for Winter 1975 Between Federal 0il 
Shale Tracts C-a, C-b and Grand Junction, Colorado. EG GG 
Environmental Consultants, Albuquerque, New Mexico. Contract No. 
66125. Report. No. AL-EC-116. 14 Mareh 1975. 190 p. 


Air Monitoring and Analytical Determinations of Volatile Trace Metals 
at the C-b Tract. Sampling Date January 27, 1975. The 011 Shale 
Corporation. Laboratory Data Letter ..75-235. February 6, J97>. 0) ep 


A 24-Hour "Quick-Look" at the Air Quality § Meteorology of Tract C-b. 
28 January - 29 January 1975. C-b Shale Oil Project, Denver, Colorado 
182. pi: 


An Analysis of Air Temperature Inversion Characteristics of the 
Piceance Creek Basin, Western Colorado. William Marlatt and 
Associates, Fort Collins, Colorado. Report No. 1. March 12, 1975 
ilps 
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Subsection II C-1 
AIR QUALITY AND SURFACE METEOROLOGY 


Under the lease stipulations, air quality data are required over at 
least 90% of the lease year at four stations, one of which is at (or 

as near as practicable) the expected point of maximum concentrations. 
Sulfur dioxide, hydrogen sulfide, and suspended particulates are re- 
quired to be monitored at all stations. Hydrocarbons, oxides of nitro- 
gen “and other pollutants” are also required to be monitored as dir- 
ected by the Mining Supervisor. The required air quality monitoring 
system was completely operational as of 1’ Novembcr 1974. Subcontractor 
(Radian Corp.) data reports for air quality and low altitude meteoro- 
logy have been furnished through December 1974 as of the cutoff date 
Greze Leviuany elo7s ton this quarterly progress, report. Fisure: 1) (Cal 
of Quarterly Report #1 shows the locations of the 5 air quality trailers 
andsthe iIeteorologicar tower. Trazliers 020, 021, and 022 are located 
in the Piceance Creek valley at Redd Ranch, Rock School and the Gerald 
Oldland Ranch, respectively; trailers 023 and 024. are on the tract at 
the meteorological tower and on the ridge between Cottonwood and 

_ Sorghum Gulches, respectively. 


Table/Fig. No. Description Page 
Table ll C-3 Air Quality Summary, Trailer 020 LrG-§ 


This table summarizes air quality data 
maxima from Ref. 4 for the quarter 
(September, October, November, 1974). 
Datastoueeranlers, 021,022, O25°follow. 
Table Vi of Ref. 3 gives the daily 
average concentrations for the quarter. 


Table II C-4 Traaier 021° - II -€-9 
Tables L1-C-5 Tranter 022 Ti G=10 
fable Wl C6 Trazler 0235 WF Ca). 
able Lr C-7 Trailer 024 TE °C=12 
Table II C-8 Particulate Concentration | Distributions I C-i13 


This table summarizes the trequency 
distributions of particulate concentrat1o1s 
along with the geometric mean concentration. 


Basic data on air quality and surface meteorology are contained in 
References 1 through 9 at the end of this section. 
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>260 

240-260 
220-240 
200-220 
180-200 
160-180 
140-160 
120-140 
100-120 
80-100 
60- 80 
40- 60 
20- 40 
<20 | 


TOTAL (No. of Samples) 
GEOMETRIC MEAN (ug/m3) 8.2. 


TABLE II C-8 


FREQUENCY DISTRIBUTION OF PARTICULATE CONCENTRATIONS 
SEPTEMBER 1974 - NOVEMBER 1974. 
C-b SHALE OIL MONITORING PROJECT 


20 O21 022 023 024 
CONCENTRATION 


2 

1 0 

0 0 

0 0 

0 0 

1 0 0 
0 m0 0 
3 Lege 4 0 
14 5 5 9 
18 rh ae 9 % 


"8.3 11:3 LORS @ ecOGh a 


* Certain days are not reflected in the composite reported 
here due to incomplete data for those days. 
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Subsection II C-2 
LOW ALTITUDE METEOROLOGY 


The lease stipulations require a meteorological tower to be esta- 
blished in reasonable proximity to the plant site to monitor, at 
least 95% of the time, wind direction and wind speed at three levels, 
one at least 100 feet above the surface, one at approximately 30 feet 
and one at an intermediate level. Temperature is required at two 
levels, one at least 100 feet above the surface and one at approxi- 
mately 30 feet. Humidity is required at one level. 


Low altitude meteorological tower data are obtained at 8', 30', 100' 
and 200' for wind direction and speed relative humidity, and temper- 
ature. Barometric pressure and daytime solar radiation are obtained 
at ground level. Temperature differences are obtained between the 
30' and 100' levels and between the 30' and 200' levels. 


Basic low altitude meteorological data are contained in Refs. 1 - 4 
through December 1974 (as for air quality) at the end of this section. 
Wind roses by atmospheric stability class are presented in Table VIII 
of Ref. 4 for the 100' level of the meteorological tower. 


Table/Fig. No. Description Page 


Figure II C-1 Wind Rose Diagrams Piec-15 
This figure presents wind roses for 
the 100' level of the meteorological 
tower for September, October, November 
1974, and the quarter. 
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FIGURE II C-1 


WIND ROSES AT THE METEOROLOGICAL TOWER (100') 


re her bl 


Mt 


QUARTER 


NOV. 


ie e- 1S 


Subsection II C-3 
UPPER AIR STUDIES 


There are no requirements in the lease stipulations for upper air 
studies. They are required in conditions of approval from the 
Mining Supervisor. Two winds-aloft and temperature profiles per 
day to altitudes of 6000 feet above the tract are required for a 
minimum of 15 days per quarter. 


Data for this reporting period were obtained by E G § G consultants 
for the wind and temperature profiles during the 15 day period from 
January 20 to February 9, 1975. Winds aloft were obtained from 
pibal releases at the meteorological tower; temperatures aloft were 
obtained via an instrumented aircraft. These data are correlated 
with the C-a Tract and with Grand Junction. 


Basic data of the types indicated above are presented at the end of 
this section in References 5 and 6 by the E G § G Environmental 
Consultants. 


In addition to the above instrumentation, an acoustic sounder was 
installed (but not required) at the meteorological tower location by 
Wm. Marlatt and Assoc. (consultants) on December 7, 1974 and became 
operational as of 2 January 1975. It is used to assist in assessing 
atmospheric stability by determination of the height and time-extent 
of unstable layers and stable layers, including inversions. 


During the ''quick-look" investigation (Ref. 8), atmospheric stability 
was assessed by seven techniques: 


1) temperature - altitude soundings 

2) temperature differences on the meteorological tower 

3) wind speed 

4) solar radiation index 

5) standard deviations in the horizontal component of wind 
direction 

6) standard deviations in the vertical component of wind 
direction 

7) acoustic sounder 
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Subsection II C-4 
VISIBILITY 


There are no visibility requirements in the lease stipulations; site 
visibility measurement are required in the conditions for approval 
by the Mining Supervisor. 


A joint proposal request with the C-a Tract is currently being 
prepared. 


I (Cay 


Subsection II C-5 
ATMOSPHERIC DIFFUSION STUDIES 


There are no requirements in the lease stipulations for atmospheric 
diffusion studies. Conditions for approval from the Mining Super- 
visor require X/Q estimates for 24-hour and 3-hour averages. 


These studies will be initiated at a future date when stack emission 
data become available. 


An assessment of atmospheric stability will probably be required 


for input to diffusion models. This assessment has been initiated 
and is reported both in Subsection II C-3 and in Reference 8. 
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re. GENERAL DESCRIPTION OF AIR MONITORING PROGRAM 


Radian Corporation, 1s) under contract to C-b Shale Oil 
Projects to provide ambient air quality monitoring. Each site 
measures and records the concentration of particulates, sulfur 
dioxide, and hydrogen sulfide. In addition, two of the sites 
record the amounts of nitrogen oxides, total hydrocarbon, methane, 
ozone, and carbon monoxide. Selected meteorological parameters : 
such as wind speed, wind direction, temperature, and rainfall are 
monitored at each station. A 200-foot meteorological tower at 
one of the sites provides meteorological information as a function 
of height. 
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EE DESCRIPTION OF INSTRUMENTS SYSTEMS 


A. Air Quality Instrumentation 


Nitrogen oxides are measured with a Meloy Model NA520 ‘ 
analyzer. This dual-channel analyzer is based on the chemilu- 
minescent principle, and continuously monitors both NO, and NO. 

A subtraction circuit in the instrument provides a continuous 
NO2 output, but is not used in Radian's system. NO2 is cal- 
culated once a second by the computer by subtracting the NO 
value from the NO, value, thus avoiding any drift which might 
OCCiUGrin, the -NO>, OUEDUG Of —Ehe sanstrument. This instrument has 
a maximum detectable sensitivity of 5 ppb (parts per billion), 


and a linearity of 1%. 


Both sulfur dioxide and hydrogen sulfide are measured 
with Meloy Model SA185 sulfur analyzers. The hydrogen sulfide 
analyzer uses a Meloy Model so, -1 sulfur dioxide scrubber and the 
sulfur dioxide analyzer uses a Meloy Model H2S-1 hydrogen sulfide 
Sserubber. The Model SAI85 is a continuous analyzer, and utilizes 
the flame photometric principle of operation. The minimum detect- 


ablewsensitivaety 12s 85) ppb, and the limearity is 217. 


Ozone is measured with a Meloy Model: 0A350 analyzer. 
This instrument provides continuous measurement of ozone, and is 
based on the chemiluminescent principle. The minimum detectable 


Sensmiivity 16/025 ppp Vand then linearity, 1s. a7, . 


Total hydrocarbons, methane, and carbon monoxide are 
monitored with a Bendix Model 8200 gas chromatograph analyzer. 
This instrument uses a plume ionization detector and has a minimum 
detectable sensitivity of 5 ppb for all three components. The 
Model 8200 works on a five-minute cycle, i.e., one air sample is 


analyzed every five minutes. 
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. The air sample is drawn in through a glass cane and 
manifold supplied by the Ace Glass Company. The system has a 
25mm diameter, and a constant air flow through the system is 
provided by an air pump rated at 60 cfm at 0" head pressure. 
The manifold has sampling. ports to which "teflon limes sto tne 
instruments are connected. All joints in the sampling system 
are secured by G-ring compression fittings. The manifold is 
contained in a heated (100°F) chamber to prevent condensation 
of moisture. The teflon lines from the manifold to the ansexa— 


ments are insulated with 1/78" wall thickness cubber tubing: 


The trailer has four heavy duty high volume particulate 
samplers (Hi-Vols). Fiberglass filter paper is used for collec- 
tion of particulate samples, and each filter is brought to a 
controlled humidity before weighing. Each Hi-Vol has a flow 
recorder to permit correction for changes in air flow as the 
filter becomes loaded with particulates. Each Hi-Vol runs for 
a 24-hour period (midnight to midnight), and is turned on and off 
by the computer. The Hi-Vols were designed following guidelines 
recommended by the Environmental Protection Agency and were 


manufactured by Radian. 
B. Calibrations Procedures 


Each trailer contains a Meloy. Model) RAD-l) calipieatzon 
unit. This instrument provides a zero air supply, SOs span gas 
from an SO2 permeation tube, and NO span gas obtained by pre- 
cisely diluting bottled NO spam gas The calibration, of alia 
struments is automatically performed once a day, and is controlled 
by the computer. Each instrument isafixst ‘swatched toezeno, amd 
the computer monitors the output of each channel and takes a new 
zero reading after a stable zero signal has been reached. This 


zero reading is compared by the computer to the zero reading 
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obtained 24 hours before, and if a drift in excess of l0ppb has 
ecem-sedhvamvexcess, Zen@ drt Tmeht for the channel in question 

iS seuLned On One Ee, System otatusyPanel: Next, Span gas is supplied 
to each channel and the computer decides when a stable span value 
has been reached. This value is recorded and compared to the pre- 
vious day's value. An excess span drift light on the System 

Status: Panel: usturned om ah a drifktsexceeding 10ppb occurs. The 
instruments are then returned to the monitor mode, and after two 


minutes the computer resumes data taking. 


The bottled NO gas used at each site was obtained from 
Precision Gas Products. Pre-purified grade hydrogen is used in 
the SO. analyzers. 

The SO2 permeation tubes were manufactured by Metronics 
PASSOClation,, ine. | “Thermvourput has been verified by comparison 
to the output of National Bureau of Standards tube 10-42. Both 
SA185 analyzers in each trailer are calibrated with SO, from the 
permeation tube. This instrument responds to the number of sulfur 
atoms per molecule, thus SO2 can be used to calibrate both the 


H2S and SO2 monitors 


The Model OA350 ozone analyzer has its own calibration 
system which provides a zero check and a span.check. The ozone 
Calabration System is) Verified iby .compazuson te: aycalibrated ozone 


generator maintained in Radian's laboratory in Rifle. 


The Model 8200 total hydrocarbon, methane, and carbon 
monoxide analyzer is calibrated with undiluted span gas obtaincd 
from Airco's Rare and Specialty Gas Division. This span gas’ 
contains methane and carbon monoxide in air, the methane being 
used to calibrate both the total hydrocarbon channel and the 


Meciane channel. = LhesModel 6200 sus zwerocd with arr froma 
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Bendix Model 8834 zero air unit. In addition the instrument is 


electronically re-zeroed at the start of every five-minute cycle. 


The Hi-Vol particulate samplers were calibrated using 


a Calibration Kit from General Metal Works. 


GC. Data Acquisition system 


The basis of the data acquisition system is a Data 
General NOVA 1200 minicomputer. The NOVA which has a basic cycle 
time of 1.2 wsec is equipped with automatic program load and power 
fail/automatic restart features. The computer utilizes 16K 16-bit 
words of core memory. Analog-to-digital conversion is accomplished 
via an ADC built by Radian Corporation. The input/outpul unit) fon 
the system is Texas Instruments KSR 733 Keyboard/printer- | sais 
model teletype provides keyboard entry and hard copy printed out-. 
put. The data are also recorded on a cassette magnetic tape unit 
with three drives. The cassette unit is utilized for program 
storage and loading as well as) recordimg.. Ihe power to venesreke— 
type and cassette units is turned on only when the unit(s) is to 
be used to reduce wear on mechanical parts. Several important 
functions in the instruments as well as in the computer and the 
trailer are monitored by means of lights on a System Status Panel. 
These data lights are written onto cassette tape to monitor the 
complete status of the system every five minutes. The Data 
Acquisition System also monitors the presence of 110V power from 
the power lines. In its absence, the computer, which is powered 
by batteries, switches all trailer systems to battery-provided 
power. If the line voltage is restored before the batteries are 
discharged to a specified level, the trailer system is switched 


back to line power. 
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> Hour sol thc anbrent vale monttorimg) trailers: are equipped 
with the following meteorological instrumentation: (1) dry bulb 
Eemperatuce (ourside), (2) selativeshumidity, (3) wind direction, 
(4) wind speed, and (5) a tipping bucket, heated rain/snow page. 
The temperature probe and relative humidity sensor are mounted in- 
side a motor aspirated radiation shield, the Model 186 Aspirated - 
Radiation Shield by Weather Measure, which gives an aspiration of 
approximately 100 cfm. The wind instrumentation and temperature 
and relative Numkdity apparatus’ Cin the aspirated radiation: shield) 
are all mounted atop a 33-foot crank-up meteorological tower (the 
WiM-33, by Weather Measure) at each of the four trailer sites. 


The wind instrumentation at the monitoring trailers 
consists of the Model W103/3L Lightweight Cup Anemometer by 
Weather Measure and the Model W104-2 Lightweight Vane by Weather 
Measure. The anemometer is a high response, low threshold wind 
Syskeem whlch Obners he opeimum=in versatility and economy. For 
low threshold applications, a unique frictionless tachometer 
employing a high frequency oscillator and receiver is used to 
measure precisely wind speed. The oscillator, transmitter, and 
Eeceiver are encapsulated) in a small cube of epoxy for total 
protection against the environment. The high frequency tachometer 
embodies several distinct advantages over the commonly used light 
chopper systems. There are no light bulbs or photocells to burn 
out; power consumption is low; and the system is insensitive to 
moisture condensation or dust deposition. The solid state tachometcr 
is essentially free ssrom maintenance with a, life of well over five 
years when operated continuously.’ ‘The specifications of the W103 


Cup Anemometer are as follows: 


eC 2,7, 


Accuracy: + 12 or 215 mph, whenever 


is greater. 


Bearings: Sealed and shielded precision 


Stainless “steel, 
thresholid:) “OJ miles) perm hous 
DustanicenCons canted sos Geer 


The wind vane, the W104-2, is equipped with a 1000 ohm 
low torque potentiometer and two wipers for 0° to 540° operations. 


The response characteristics of this vane are: 
Dead Bank: 0 degrees 
Damping Ratio: 0.4 
Distance Constant: 3.5 feet 
Threshold: 0.75 miles per hour 
POtentiometer Linecard ty. Oar, 

The thermistor probe used in the motor aspirated radia- 
tion shields is the Model T621-TP18X Air Temperature Premium 
Thermistor Probe by Weather Measure. This probe has a range of 
-50°C to +50°C and an interchangeability of + 0.055°C. The out- 
put signal accuracy is + 0.3°F. 

The relative humidity sensor is the Model 2013 Remote 


Reading Relative Humidity System by Texas Electronics. The sensor 


assembly contains a newly-developed hygroscopic inorganic sensing 
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element. Its expansion and contraction positions the suspended 
cone of a incase variankes differential wteransformer (LVDT). - The 
absence of friction inducing linkazes and wiping contacts minimizes 
Dy Ste resi swand aimpmovyes accuracy ihe LVDIvoutput sienal ,: when 
processed, yrs diwect ly proportiond’ te relative humidity.” The 


Specit1cCacrvons Om) Enis aAnstrument are as) follows: 
Range of Indication: Of to 100% RH 


Response: The sensor response time to 
a step change of 10% in relative humidity 
is less than 2 minutes with the sensor 


exposed to moving air. 


Accuracy: 5% - 15% RH; + 5% RH 
Seo Dio RM te Lean 
95), ~L0O07, Ri; 2.37% RH 


A 


+ 


Signal Output: Analog signal of -150 mv. 
to Tio Onive ween elecebricall zero atmo0, 
RH is standard. 


Each of the four monitoring trailers is equipped with 
a Model P511-E Remote Recording Heated Snow Gage by Weather 
Measure. In the case of this gage, the durability and reliability 
of a tipping bucket gage are combined with heavy-duty electric 
heaters to make this an all-purpose precipitation sensor. This 
gage may be used to measure snowfall and rainfall. An insulating 
cover of poly-vinyl chloride and a thermostatic control insure 
the proper gage temperature. The thermostatic control is adjus- 
Eabie from 0 tomo5 Ofm Snow falling into the inllet funnel is 
melted, The resulting watem (from rain.or snow). drains into a 
precision tipping bucket mechanism which activates a mercury 


ewiechaeach time thebuckes filissand tips. The: gage is constructed 


IC 29 


@ of durable corrosion-resistant materials to provide many years of 


service. The specifications of this gage are as follows: 
Orifice: 46 inehes 
Calibration: 0.01 inch 
Accuracy: ‘0957 (Calabrated atr0.> amy ha 
- Sensor: Chrome plated exaeune buckets 
Switch: Mercury, 07 second) clhosunme 


Heat Control: Thermostat adjustment, 
Oto 25 2G: 


& 2. 200-Foot Meteorological Tower 


The tower has instrumentation. ate fous. levels: oseem 
30 feet, 100 feet, and #200 £eets “Atlally four Hevelse stehemerance: 
wind speed, wind direction, and temperature and relative humidity 
sensors in a power aspirated radiation shield. Temperature dif- 
ference thermistors (also in power aspirated radiation shields) 
and their associated circuitry take lapse rate measurements for 
the 30-foet jto L00-footr Vayereanderne 30-foot to 200-foot layer. 
In addition, this site has 2 Precision Spectral Pyranomeres,. a 


barometer, and a tipping bucket rain/snow gage. 


The wind direction and speed apparatus used at each 
measurement level of the tower is the Model 1074-2 wind sensor 
by Meteorological Research, Imc. (MRI). ‘This sensor has a 540° 
potentiometer for wind direction and a light chopper for wind 


speed. This senson is rugged, with an all-weather coaxial cup and 
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damped vane assembly. The prototype model has been in operation 
for years under the most demanding weather conditions, performing 
Continuously wi Caehiesmemost meliabriaty.. All.of the wind sensors 
on the tower have been specially treated with a black paint which 
will promote warming of the exposed surfaces of the sensor and 
thereby reduce ice and snow accumulations on the moving parts of 
the apparatus. The specifications on the Model 1074-2 are as 
follows: 


Wind Speed 
Starting Inxceshold: 0575 mph 
Response Distance: 18 feet (63% recovery) 
Flow Coefficient: 7.9 feet/Revolution 


Accunaey- =) 230-4 mph, On) be (Whitenever 


is greater) 
Range: 0-100 mph 
Wind Direction 
Stamteing whreshold-| 07 75¢mph 
Delay Distance: 4 feet (50% recovery) 
Damping Racoon | 0% to 076 
Accuracy (540° system): + 1% 


Range: Or Mee, S40 


Ges 


® The relative humidity and temperature sensors are mounted 
within a power aspirated radiation shield at each tower level. 
All aspirators and sensors are of .the Model 640 Series by MRI: 
The aspirated shielded housing is designed to provide maximum 
radiation protection to the sensor. Ambient air is drawn into 
the shield and across the sensors at approximately 15 feet per 
second. This intake air is essentially sampled from a hemispherical 
space which is approximately 3-inch radius from the tube opening. 
Speed of the incoming air at the periphery of this hemisphere is 


approximately 1 mph. 


The temperature sensor is comprised of a dual thermistor 
and resistor network. This circuit provides a linear resistance 
change with an air temperature change. The relative humidity 
sensor is placed alongside the temperature elements inside the 
shield where it is exposed to a.constant, flow of vair.) Si@isceui ation 
to both sides of the sensing element produces accurate monitoring 

& with a good response time. The specifications on the sensing ele- 


ments are as follows: 
Temperature 
Accuracy: + 0.25°C 
Range: =50 Cyto 3010 
Humidity 
Accuracy: §223. 07, Ri 
Range: 0% to 100% Relative Humidity 


Measurements of temperature difference are taken for two 
oe) layers, the 30-foot to L00-foot Payer ‘and ‘the 30)- foot to 00- foot 
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layer. The thermistors and circuitry used for these measurements 
are separate from the thernistors measuring air temperature. The 
usc of separate thermistors and circuitry to measure AT allows 

for much greater accuracy and resolution in the measurements, which 
is necessary for stability assessments. Two AT thermistors are at 
the 30-foot level, one is at the 100-foot level, and one is at the 
200-foot level. All of these AT thermistors are mounted within 
power aspirated radiation shields. The specifications on the AT 


ise LumecmMeatLonm are as follows. 
- Accuracy: + 0.1°C 


--/ Range of 74E Circuit 
(Lower Level-Upper Level): +4°F to -8°F 


All instrumentation, except at the ground level, is 
mounted at the end of 12-foot retractable booms. These booms are 
3-inch box beams which are on rollers and can be retracted to the 


instrument platforms for instrument maintenance. 


The meteorological tower itself is a 200-foot Rohn 

Model 80 Guyed Tower, designed for 40 pounds per square foot wind 
oad with. %'" ‘oficadral ace per ELA Standard RS-222-B, to support 
four levels of meteorological equipment. The material consists 
of tower sections with a tapered base, three retractable booms 
12-feet long, three outside work platforms, an inside ladder for 
Climbing. two. base paoundeicits. and one Yeanchor ground kit., The 
cable-type Safety Climbing Device consists of a cable and attach- 
ment mechanisms with a locking sleeve and safety belt. The tower 


is lighted and painted according to FAA specifications. 


Theysienals fromethe tower instrumentation are fed from 


multiple signal cables into transmitters mounted at the base of 


Gass 
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Vitale d CONDORATION 


the tower. After signals have been converted to analog signals, 
they are fed into a junction box, also at the tower base, where 
they are assimilated into one coaxial cable; ihe signals are then 
run underground within 3" PVC conduit to the A-to-D assembly, where 
‘they are processed. The transmitters are shielded and insulated 
from the clements. The signal cable is run underground in PVC 
conduit in order to minimize damage from the weather or various 


rocents in the region. 


The auxiliary equipment at the tower site consists of a 
heated tipping bucket rain/snow gage, an analog barometer, and a 
Precision Spectral Pyranometer. The rain/snow gage is the Model 
PO1L-E unit by Weather Measure, with characteristics and specifi- 
cations as deseribed in Section 1 The barometer 1s themp747 
Analog Output Barometer by Weather Measure. This barometer provides 
an output voltage thet is linearly proportional sto) pressume wine 
specifications on this instrument, which is mounted inside the 


monitoring trarler at the site, are asi follows. 


- Range: Specially designed for the 100 
mLliltbar “interval, from 7/25 /moblabaccmee 
825 millabars® 


Resolution: Mintinmee 


Linearity: = 0.5 mil libarssoversthesi00 


Mil libaw antwernval: 


The pyranometer at the site is the Eppley Precision 
Spectral Pyranometer. This instrument is used for the measure- 
ment of sun and sky radiation totally or in defined wavelength 
bands. The pyranometer is levelled and mounted atop a wooden 


stand 4% feet from the ground surface. Care has been taken to 
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eliminate the effects from all outside influences, such as 
BeRLechLon OF Shadows, Onrthe pyranometer. The instrument 


characteristics are as follows: 
Sensisgivaty.:, Samy. per call/em*/min 
- Independence: 300 ohms 


Temperature dependence: Sensitivity constant 
to within + 1 percent over the ambient tem- 


perature range from -20 to +40°C 


Lineariey-:) Response Linear wp to intensities 
of 4 cal/cm’/min 


«4 


Response Time: 1 second (i/e signal) 


All) instrumemterion is factory calibrated and is field- 
Galibrated at various amtervals. Sling psychrometers ane used to 
calibrate the humidity sensors, known temperatures and/or resistances 
are used to calibrate the thermistors, and an rpm calibrating 
unit is used to calibrate the anemometers. The wind direction 
instrumentation is aligned to true north (reference direction) 


by means of a surveyor's transit. 
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Li. MICROMETEOROLOGICAL AND TERRAIN FEATURES 


The Piceance Creek Valley and C-b Oil Shale Tract 
are situated such that many microscale meteorological pheno- 
mena affect the region where the ambient air monitoring units 
are located. In particular, the three unzés jinvehne Pieceance 
Creek Valley (Trailers 020, 021, and 022) are heavily influenced 
by a katabatic-anabatic flow regime. Trailer 023 and its . 
associated 200-foot meteorological tower are located atop a 
plateau to the south of the valley, high enough to be affected 
mostly by gradient flow conditions. Trailer 024, located half- 
way between the valley and the meteorological tower, is affected 


by a mixture of the gradient and mountain-valley flow regimes. 


Elevations in the monitoring network range from about 
6200 feet above sea level at Trailer 021, near the Rock Creek 
School in the valley at the westernmost end of the monitoring 
network, to 6940 feet at the meteorological tower site (Trailer 
023). atop the plateau within the Tract,C-b ttself, ihe lareece 
gradients in elevation in this area, of course, occur at the 
Piceance Creek Valley walls. However, the northern valley walls 
are slightly steeper than those at the southern boundary of 
the valley, which then slopes upward gradually toward the C-b 
Tract. The Piceance Creek Valley decreases in elevation from 
east to west im this area, so that nephttime katabattcmcola. 
air drainage flows advect from east to west, or from Trailer 022 
to Trazier O20) co: Trailer: 021 


As mentioned at the otttset of this discussion, tne 
terrain will have a large influence on the meteorology of this 
region. Considering first Trailer 022, at the eastern end of 
the monitoring network, a nighttime katabatic (valley or down- 


slope) flow will exert a’ tremendous influence on this site. 
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Of the three monitoring locations in the Piceance Creek Valley, 
Ehis site has theysteepest. vatley walls in its vicinity. As a 
Eesulty, Ehe nighteimeykearabatic flow is strongest here. That is, 
the downslope winds are constrained or channelled at this point 
such that the nighttime drainage winds often reach 15 miles per 
hour. In addition, the channelling effects of the Piceance Creek 
Valley walls normally cause surface winds to flow from one of 
two preferred directions. At night, the downslope winds 
parallel the valley contours, generally coming from 115° (east- 
southeast, referenced to true north). During the afternoon, 

or whenever suitable pressure gradient conditions exist, the 
winds generally come from the west-northwest because of the 
boundary conditions and channelling caused by the valley. This 
monitoring location has an elevation of approximately 6450 feet 
above sea level and is at the mouth of Oldland Gulch. 


Trailer 020, midway down the Piceance Creek Valley 
near the Redd Ranch, at the mouth of Gardenhire Guich, has an 
elevation of about 6320 feet above sea level. Once again, the 
valley walls are steeper to the north of this monitoring loca- 
tion. The Piceance Creek Valley widens a little from Trailer 
O27 to Trailer i020, sosthat channellingserfectsaare not quite 
as great at this location. Nevertheless, a well-developed 
Kkatabatic-anabaure ilow cycle arfectsr this site, with the after- 
noon anabatic flow being fairly well-developed at this location. 
The channelling effects of the valley walls cause two preferred 
surface wind directions, southeast and northwest. However, 
other wind directions are experienced here, particularly during 
the transition periods between downslope and upslope flows and 
during periods when the surface pressure gradient dictates to 


a large degree the surface wind direction. 


PieG= 3h 


PS TAR FA 
‘ si 


abvivcbhsbd CGRPORARVEDSS 


Trailer 021, located near the Rock Creek School, has 
the lowest elevation of the three valley trailers, 6200 feet. 
At this point, the Piceance Creek Valley widens considerably 
toward the east, so that nighttime katabatic winds are rather 
light. Daytime anabatic winds are also rather lights) However, 
northwesterly surface winds caused by pressure gradient forces 
are occasionally moderate in force because of the slight channel- 


ling effects of the valley walls to the north and northwest. 


Site 023, where the 200-foot meteorological tower is 
located, is atop the plateau at an elevation of about 6940 feet 
above sea level. It is approximately 2.5 miles south of the 
Piceance Creek Valley. This location is relatively high compared 
to its surroundings, with the nearest points having elevations 
greater than 7000 feet being .5 miles to the south of the tower. 
The tower itself is on the top of a small knoll located between 
Scandard and Sorghum Gulches. Because of its location and the 
irregularities of the surrounding terrain, meteorological patterns 


are varied here. 


Wind instrumentation is mounted at four levels of 
the meteorological tower; 8 feet, 30 feet, 100 feet, and 200 
feet. The top level of the tower generally remains in gradient 
wind flow. That is, the winds at that level are normally 
generated by synoptic-scale features and are usually separated 
from terrain features and micrometeorological circulations. 
Occasionally, a weak anabatic flow influence is experienced. 
However, such is not the case with the three lowest measurement 
levels. To varying degrees, these levels are influenced by 
both the’ katabatic and anabatic circulation cells. However, when 
strong pressure gradient forces exist in the region and the 
synoptic-scale wind flow is strong, all four tower levels will 
reflect a gradient wind flow, with the winds increasing in 


strength with increasing height. 
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Trailer 024 is between the Piceance Creek Valley and 
the meteorological tower location, about 1 mile south of the 
valley pa tselt. = ihe elevattonyen) this Sitesis approximately 6740 
feet. The terrain slopes downward to the west, north, and east, 
and slopes upward toward the south, in the direction of the 
meteorological tower. This site is in a transition zone between 
the micrometeorological effects which prevail in the valley and 
those meteorological phenomena affecting the tower site. Asa 
result, the meteorological parameters measured at this location 
are subject to rather rapid variations. The area is generally 
affected by a weak katabatic (downslope) flow at night and a 
weak anabatic (upslope) flow during the afternoon hours. However, 
gradient wind flows generally take precedence over terrain- 


Inauced Elows at this Location. 


The terrain atop the plateau is generally barren and 
fairly rugged, with a few scattered small trees. The topsoil 
dries rapidly and is very fine, resulting in blowing dust when 
dry, windy conditions exist. In the Piceance Creek Valley, 
the terrain is fairly grassy and flat, with steep valley walls 
On either side. Surface winds are normally rather light in this 


valley unless channelling effects occur. 


During clear nights with rather light pressure gradient- 
induced winds, rapid radiational cooling will occur in the region 
because of the barren nature of the terrain and the generally 
duy seharacten Of senewais in this portion of the country. “Asa 
result, the diurnal range of temperatures will be extremely 
large. Because of the katabatic flow in the valley, nighttime 
temperatures will generally be lower in the valley than on the 
plateau. During the winter, especially, temperatures in the 
valley may be 20°F lower than they are on the plateau during 
the early morning hours. In Daseiewlar ss the drainage effects 


will be spectacular at Trailer 021, which will often experience 
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temperatures 10°F cooler than those at the other valley monitoring 
locations during the early morning hours. This phenomenon results 
from the pooling. of cold air Smgthe azea Of iuaiten. 02) because 

of its relatively low elevation and the light nature of the winds 
here during the night, which thus inhibits surface mixing and 
promotes the strengthening of the nighttime ground-based inver- 
sion. During periods of strong gradient winds and/or cloudy 
skies, greater mixing of the air near the surface occurs and 
meteorological conditions (particularly temperature and humidity) 
are more uniform throughout the monitoring network (on the 


plateau and in the valley). 
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IV. OPERATING TIME ANALYSIS BORSEACH SITE 
ahi ON EACH SITE 


This section presents the operating statistics for 
each of the major subsystems contained in each monitored station. 
Table II shows the Specific number of hours that each of these 
subsystems was inoperative for the month. The column labeled 
COMPUTERS Windicates tthe entire data acquisition System and 
downtime hours appearing in this column and,. therefore, means 
Eotal, tosswor data) These instances include, in addition to 
computer downtime, power failures, no power available, and 
self-automated shutdown periods such as during air conditioner 
malfunctions. . 

Calibration time is not considered to be downtime and 
is, therefore, not included in the downtime figures. The amount 
of time used in calibrating the instruments is Sliven at the 
bottom of the downtime analysis table and is Reported as ‘total 
calibration hours for each channel for the entire month. As is 
evident in the calibration figures, channels can be calibrated 
independently of one another. No calibration time is given for 
particulate monitoring since Hi-Vol calibration occurs infre- . 
quently and only during the off-duty cycle for each Hi-Vol 


while another Hi-Vol is taking date. 
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NF METEOROLOGICAL SUMMARY 


A. Summary of the Major Features Of the, Upper 


Flow Over North America 


North America during October alternated between periods 
of zonal and meridional flow, with two sequences of split upper 
level flow. The upper flow was basically zonal (or west-east) 
over the United States on October 1,4, 7, 1237-135 222) 23,ancercae 
The flow was generally meridional (north-south) on October 2-3, 
5-6, °9; 14-21, and 25-26." Split upper»level flow prevartledton 
October 8, 1LO-ll1, and 27-31. The net results tof vthese ecm. 
culation patterns for the month of October were: much below 
normal temperatures and below normal precipitation over the north- 
eastern United States; below normal temperatures and much below 
“normal precipitation over the Atlantic seaboard states; near 
normal temperatures and precipitation over the Central United 
States; below normal temperatures and slightly below normal pre- 
cipitation in the South; much below normal temperatures and below 
normal precipitation in the north central United States; below 
normal temperatures and above normal precipitation in the South- 
western United States; slightly above normal temperatures and near 
normal precipitation in the Rocky Mountain regions; and generally 
above normal temperatures and below normal precipitation in the 
West. 


October began with a mean long wave ridge axis extending 
from western Canada to northern California. A rather deep long 
wave trough was positioned through the eastern United States. 
Precipitation was confined to the far northeastern portion of 
the United States. A stationary cold front extended from Montana 
through Wyoming to southern Nebraska. By October 2nd, the long 


wave pattern had amplified so that a well defined long wave trough 
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extended from the Great Lakes to Florida. A strong upper ridge 
extended from Utah to north central Canada and a deepening upper 
trough was approaching the Pacific coast. A weak upper low was. 

off the California coast. On the surface, a large, cold high pressure 
system was centered over Illinois. A warm front extended southward 
along the Rocky Mountains from Canada, while a strong maritime polar 
cold front came inland along the Washington coast. Precipitation 

was confined to California, Washington, and the northeastern United 
States. 


On October 3rd, all of the major features of the circula- 
tion over North America moved eastward. The long wave trough along 
the Atlantic seaboard moved eastward slightly and amplified. The 
upper ridge also moved eastward to a position from Kansas to 
Minnesota and then northward into Canada. The upper trough in 
western North America also moved eastward and flattened somewhat. 
On the surface, the large surface high was still centered near the 
Great Lakes region, while a cold front advanced across the Great 


Basin. Precipitation was widespread across the Intermountain Region. 


By October 4th, the cold front had pushed completely 
through Colorado into the Midwest. The large surface high moved 
southeastward to a position along the Atlantic seaboard. At upper 
levels, strong short waves were located off the coast of the 
eastern United States, along the Rocky Mountains, and along the 
west coast. Precipitation, mostly light, was scattered throughout 
the western two-thirds of the United States. On October 5th, the 
general positioning of circulation systems remained about the same. 
The long wave in the western United States amplified slightly. 
Precipitation was moderate from the Great Lakes to Montana and 


Souen from thesesto Kansas. 


On October 6th, the northern half of the long wave which 


had been over the western United States was reinforced and moved 
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eastward, thus causing the southern half of this wave to be sheared 
off, forming a cutoff low aloft over California.» The cold) front 
which had been across the Midwest was reinforced by the deepening 
of the northern half of the short wave and moved southward as a 
result. Cloudiness and precipitation were widespread in a band 
from Arizona and New Mexico to Minnesota and the Great Lakes on 

the 6th, but decreased throughout western Colorado. 


By October 7th, the western two-thirds of the nation 
was under the influence of a large dome of high pressure. The 
short wave that had been over the Midwest on the 6th moved 
eastward rapidly, to a position over the Great Lakes. The cold 
front associated with this short wave extended southwestward 
from Maine through Tennessee to central Texas. The low aloft 
over California persisted, causing precipitation over southern 
_California and Nevada. Precipitation also extended along the 
front from Texas to New York. Skies were clear to partly cloudy 
over western Colorado. The upper flow pattern was split in the 
western United States on October 8th, as the upper low persisted. 
The cold front and short wave in the eastern United States con- 
tinued to push eastward to a position off the coast. Most of the 
nation was under the influence of a large, weak high pressure 


System. Precipitation was confined to California and Nevada. 


By October 9th, a short wave approaching the western 
coast of the United States caused the upper low to be ejected 
northeastward to a position over Nevada. A weak cold front 
extended from the Great Lakes to Nebraska but no other significant 
weather systems affected the United States. Temperatures were 
cool in the Northeast but seasonable elsewhere. A weak surface 
high pressure area affected most of the United States, resulting 
in many areas of light winds and stagnation. Precipitation in the 


United States was confined to the Great Basin area. October 10th 
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saw a split upper level flow regime return to the western United 
States. A short wave trough was located from Idaho to southern 
California. Showers and a few thundershowers were scattered 
throughout the Intermountain Region and the western slopes of 
the Rockies. A few showers fell in the Tract C-b area. 


The split flow regime continued in the western United 
States on October llth. Thevsheort wave from Idaho to California 
stayed nearly stationary. A cold front extended southwestward 
from a low pressure system on the Minnesota-Canada border through 
Nebraska to northern New Mexico. A secondary cold front extended 
westward to Montana, also from this low. Precipitation was wide- 
spread throughout the western half of the nation on the 11th, 
with showers and thundershowers again dotting western Colorado. 
By October 12th, the two cold fronts through the northerh Plains 
States had organized into one strong frontal system which extended 
from the Great Lakes southwestward to the Texas Panhandle. The 
short wave trough which had been stationary over the western 
United States for the two previous days finally formed a weak 
low pressure circulation aloft over western Arizona. Precipitation 
covered a large portion of the United States extending from Arizona 
northeastward in a broad band to the Great Lakes region. A large 
cold high pressure system dominated the weather in the western 
halt vol the United States behind the cold front. Considerable 
cloudiness and a few showers persisted in western portions of 


Colorado. 


By October 13th, another in a series of upper level short 
waves moving rapidly into the northwestern United States from 
British Columbia caused the upper low center over the southwestern 
United States to move slowly eastward. This approaching short wave 
had associated with it a moderate polar maritime cold front, which 


was located across central North Dakota and Montana on the morning 
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of the 13th. Precipitation was widespread across the middle of 
the United States on the 13th, extending from New Mexico to the 
Great Lakes:in a very broad, nearly solid band,” Skies: clicarned 
over western Colorado on the 13th as the upper low was forced 


eastward. 


The short wave amplified rapidly on the 14th, causing 
the cold front to move southward rapidly. The front passed through 
western Colorado during the morning of the 14th, causing cooler 
temperatures and a continuance of clear skies. Precipitation once 
again occurred in a broad band across the central part of the 
United States because of the strong short wave and cold front. 
The short wave and cold front continued to move eastward rapidly 
on October 15th, thus forcing the precipitation area eastward with 
it. A large upper ridge and surface high covered the western half 
of the United States on the 15th, thus causing a continuance of 


fair, dry conditions in western Colorado) om) thaseday. 


October 16th and 17th were very similar with regard to 

the upper flow patterns which prevailed over North America on these 
two days. A large surface high pressure cell dominated most of the 
United States during the period. Precipitation was confined to the 
eastern fourth of the country. A large upper ridge prevailed over 
California, Nevada, Utah, Idaho, Wyoming, and Colorado on these two 
days, while a large amplitude upper trough extended from the Great 
Lakes region to the Gulf of Mexico. Fair and mild weather prevailed 


over western Colorado on these days. 


The same basic meridional flow pattern persisted over the 
United States on October 18th and 19th. A strong upper ridge 
dominated the flow in the western United States on both days, with 
a deep upper trough along the Atlantic seaboard. The systems pro- 


gressed eastward very slowly, so that another long wave trough 
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began to approach the Pacific northwest by October 19th. Pre- 
cipitation was minimal across the United States on both the 18th 
and 19th. A weak cold front progressed southward through the 
eastern halfvot the matilen on the, 18thwand 19th, but did not 
affect Colorado at all. Meteorological conditions remained fair 
and unseasonably warm throughout western Colorado on both of these 
days. 


The upper flow began to change on October 20th. The 
upper ridge and trough progressed eastward slowly, but a strong 
short wave began to dig southward along the west coast of the 
United States. A cold front associated with the short wave 
extended southward from eastern Washington into northwestern 
Nevada and northern California. Precipitation was confined to 
the northwestern and northeastern portions of the United States. 


Fair and warm conditions continued in western Colorado. 


The short wave in the Northwest continued its easterly 
movement on October 21st, forming a closed upper low circulation 
imathe process.) The polar maritime cold, front continued its 
eastward movement, passing through western Colorado during the 
afternoon of the 2lst. Because of the upper low and its associated 
moisture and positive vorticity advection, cloudiness and scattered 
rainfall returned to western Colorado on this day. Actually, pre- 
cipitation was scattered throughout the entire length of the 
Rockies. Precipitation and considerable cloudiness continued in 
western Colorado on October 22nd as the upper low strengthened 
slightly and remained stationary over northern Nevada and northern 
Utah. The upper flow became fairly zonal on this day, with the 
jet stream located along the United States-Canada border. The 
polar maritime cold front moved eastward through the northern 
Plains States but did not advance southward because of the zonal 


nature of the upper flow, the northern position of the jet stream, 


Tl G=55 


RADEAN corrcRrRarion 


and a blocking high pressure cell in the southeastern United States. 
Precipitation was widespread throughout the southwestern United 


States on this day. 


The upper level flow over northern Nevada strengthened 
further by the morning of October 23rd, causing the broad area of 
precipitation to persist over the Plateau region and southwestern 
United States. Temperatures were cooler and cloudiness and pre- 
cipitation were widespread throughout western Colorado on this day. 
The zonal character of the upper level flow and the northward 
retreat of the polar front jet stream into Canada caused the 
maritime polar cold front through the central part of the; Uarted 
States to become stationary. Precipitation was scattered along 
this front from Texas eo New, vouk, » Rains continued in western 
Colorado during the morning of the 24th but began to diminish 
in areal coverage later in the day as the upper low over northern 
Nevada began to fill gradually. A short wave moving south from 
Canada into the northern Great Plains brought with it a weak 
cold front which extended into northern Wyoming during the morn- 
ing. Precipitation was heavy in Texas and Oklahoma on this day. 
Clearing took place in western Colorado during the night of the 
24th as the cold front passed through the region and a high pres- 


sure ridge built southward into the area. 


The upper flow once again had meridional characteristics 
by October 25th, although the flow was beginning to show splitting 
tendencies once again in the western United States. An upper ridge 
extended northward from Colorado through Montana and into Alberta, 
Canada. A long wave trough extended southeastward from Hudson's 
Bay into New England and a short wave and upper closed low came 
onshore in the Pacific northwest. Precipitation occurred in 
Washington and Oregon and through the center of the nation, along 
a cold front which extended?from Texas “to the Great Lakesomarmld 


temperatures and clear skies prevailed in western Colorado. 
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Cloudiness returned to western Colorado as the short 
wave moved eastward from the Pacific coast on the 26th. Pre- 
Ciplitativon was restricted ito the’ Pacific Northwest, the Southwest, 
and the Midwest as an upper ridge which extended from Florida to 
Alberta, Canada brought fair weather to most of the nation. The 
upper flow became split in the southwestern United States on 
the 27th, as a cold pool of air at upper levels became cutoff 
from the longwave circulation and formed a closed low over western 
Arizona. This low caused scattered light precipitation throughout 
the Southwest on this day. Cloudiness increased throughout western 
Colorado as the day progressed and light precipitation was ex- 


perienced in the area during the evening hours. 


An approaching short wave from the Pacific caused this 
upper low to be ejected northeastward by October 28th, resulting 
in continued cloudiness and scattered precipitation in western 
Colorado. This approaching short wave caused the generation of 
@ strong surface low pressure area (cyclogenesis) in Oregon, from 
which trailed a polar maritime cold front into California. The 
split flow characteristics and broad upper level troughing which 
prevailed in the western two-thirds of the United States caused 
this entire region of the nation to be covered by cloudiness and 


preci plLtatilon. 


The split flow in the polar front jet stream continued 
on October 29th, with a strong upper low forming over Nevada. 
A strong surface low was centered over western Utah during the 
morning of the 29th, with a moderately strong maritime polar cold 
front trailing southward. Cloudiness and precipitation continued 
in western Colorado, as the storm produced the first widespread 
snow of the season in the Intermountain Region. These cloudy and 
snowy conditions persisted in western Colorado on October 30th, 


as the upper low intensified and moved northeastward to a position 


C55 


FReAEDIA ecrpora;rion 


over central Utah. The surface low had meanwhile moved to eastern 
Colorado and weakened somewhat. Cold frontal passage occurred late 
onsthe 29th in western Colorado... By the morning of the 30th, 1t 
was located on a line from eastern Colorado southward to western 
Texas. Much of the nation received precipitation on this day due 
to the amplitude of the upper level troughing over the western 


United States: 


Cloudiness and snows continued in western Colorado on 
October 3lst as the intensifying upper low was pushed northeast- 
ward by an approaching short wave just off the northwestern coast 
of the United States. On the morning of the 3lst, this upper low 
was located over central Wyoming. The split in the upper flow 
over the western United States continued, however, with a broad 
upper trough continuing to affect the western two-thirds of the 
United States. A surface low was located in Wyoming by the morn- 
ing of the 3lst, while a maritime polar cold front extended from 
Idaho into central California. Precipitation was widespread through- 


out the western and central portions of the nation. 


B. Summary of Meteorological Conditions in the 
iract (C=b KReeaion 


Precipitation totals and temperatures were near normal 
in the Tract C-b region of western Colorado during the month of 
October. The area experienced seven cold frontal passages during 
the,month (October 3,.5,.100 Ye a20) 24. sand 29) abe strongest 
of these fronts was the one which passed through the region on 
October 29th. Precipitation was experienced in the area on twelve 
days"of October (October 3355, 10n lie 2? one 27 23 2 ope oe 
31), but most of the daily totals were low. Snow was experienced 
in the area of the Tract C-b on October 29th, 30th, and Sst but 
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snow amounts were rather light and melting occurred within a few 
days. Temperatures were below normal during the periods from 
October Srd through) the 7th and October Tlth through the 15th. 
Temperatures were much below normal on October 29th, 30th, and 
31st. Temperatures were above normal on the other days of the 
month, but were much above normal during the period from October 
i7eh through the 22nd. 


The area received 62 percent of the possible sunshine 
during the month. Sky coverage by cloudiness in the general area 
totalled 5.3 out of a possible 10 during the period from sunrise 
tovwsunset duane Oetober;, and 4:9 out of a possible 10 for all 
possible observations during the month. The region experienced 
1@ clear days, 9 partly cloudy days, and 12 cloudy days during 
October. Thunderstorms were in the area on two October days 
mOctobers 10th and. Lith) eGrand Junction, Collorado, about 75 miles 
to the southwest of the Tract C-b, received .72 inch of precipita- 
tion during October, which is .21 inch below normal for the month. 


Poor dispersion or air stagnation conditions occurred 
occasionally in western Colorado during October. The period dur- 
ing which dispersion conditions were worst in the Tract C-b region 
was from October 17th through the 20th. During this interval, the 
region was influenced by a large persistent upper ridge over the 
western portions of the United States. This ridge brought clear 
skies to the Tract C-b area but also brought rather low mixing 
heights and subsidence aloft. The weak surface anticyclone 
associated with this upper ridge further compounded the problem 
by causing very light surface winds throughout the area. The net 
result was an extended (3 or 4 days) period of locally poor dis- 


persion conditions. 


The following is a summary of all air stagnation messages 


from the National Weather Service pertaining to western Colorado 
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during the month of October. The messages were received in 
Radian's facilities via the Service "C'' Weather Teletype Circuit 
from the National Weather Service, a cable service to which Radian 
subscribes. These Air Stagnation Narratives are coded as "'FKUS" 


messages. 


*~ October 2nd: “In, the wesiterm Uni tedastacesr 
the ridge moving through the Intermountain 
Regions of the Rockies is supporting the 
development of stagnation in portions of 
Colorado, Arizona, New Mexico, and West 
Texas...The stagnation will diminish as the 


ridge moves eastward." 


October 9th: "The stagnation through the 
Rockies this morning will diminish during 
the day as the trough moves into the 


Intermountain Region." 


October’ 16th: ~"Deteriorating, local’ disper 
sion conditions over much of the United 
States west of the Rockies during the 

next 24 hours." 


October, l7th  Stagnattonmeondrt1 ons ane 
persisting over the western and south- 
western United States as asresult os Iatele 
movement of the upper ridge over the Pacific 
Northwest and no movement of the flat sur- 


face high pressure area." 
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October 19th: "Large-scale stagnation exists 
over the western United States from extreme 
West Texas through New Mexico to western 
Montana. An ASA (Air Stagnation Advisory) 
is\tin-affieet for much of this area.” 


C. Meteorological Discussion of Tract C-b and 
the Piceance Creek Valley 


Meteorological conditions often varied considerably from 
the Piceance Creek Valley to the Tract C-b itself during the month 
of October. Anabatic and katabatic circulations were much better 
organized in the valley at Trailers 020, 021, and 022 than on the 
plateau at Trailers 023 and 024. Nighttime temperatures were much 
collider sin the val leyechanvon the plateau during mights when radia- 
tional cooling occurred and the downslope flow became organized. 
The diurnal range of temperatures was much greater at the Valley 
irattlers (020, O21 and.022) because of the mountain and valley 
circulations, with daily temperature ranges of 35° common at these 


trailers during October. 


Trailer 021 generally had the largest diurnal range of 
temperature, mostly because of its location. At this location, 
the katabatic winds were fairly light at night because of the 
widening of the valley just upstream to the southeast. As a 
result, the mixing of the air was diminished during the night and 
cold air from higher elevations was allowed to collect in this 
relatively low area of the valley. Thus, radiational cooling was 
allowed to proceed uninhibited and temperatures fell rapidly dur- 
ing the night. Nighttime minimum temperatures were generally at 
least 5°F colder at this trailer than at the other two trailers 
in the valley and at least 10°F colder than minimum temperatures 
atetratler O23,oOneene plateau, where the katabatic circulation cell 


was not developed so as to abet rapid cooling. 
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On the majority of the nights in October.) Tvarver 021 
had the lowest minimum temperatures, followed by 020, 022, and 
023. Temperatures were higher at Trailers 020 and 022 during 
the night because of increased wind speeds from the katabatic 
circulation, which mixed the air near the surface to the extent 
that the ground-based radiation inversions that formed near these 
trailers were not so intense as the inversion (coldest at the lowest 
level) at Trailer 021. During the afternoons, temperatures were 
much more uniform at all trailers because of increased vertical 
mixing from convection and the anabatic (upslope) flow. Daytime 
maximum temperatures during October were generally highest at 
Trailer 023, followed closely by Trailers 022, 021% “and 020eeian 
that order. 


Relative humidities were generally rather uniform in the 
Piceance Creek Valley during the month, averaging about 62 percent. 
-Humidities were a little lower on the plateau (because of slightly 
drier air and higher average temperatures), averaging about 53 per- 
cent at the 30-foot level of the meteorological tower. 

Winds were generally much lower in the valley than on 
the plateau during the month. Winds generated by pressure gradient 
forces were normally decreased in strength substantially from the 
plateau to the valley. While the strongest winds during the month 
were generally the result of synoptic-scale developments on the 
plateau at the meteorological tower, the strongest winds in the 


valley were often the result of katabatic or anabatic circulations. 


Winds at Trailers 020, 021, and 022 exhibited marked 
channelling effects because of the steep valley walls in the 
vicinity. Winds at Trailer 022 were normally either east-southeast 
or west-northwest while winds at Trailers 021 and 020 were normally 
either northwesterly or southeasterly because of the katabatic- 


anabatic circulation cycle. However, during transition periods 
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between upslope and downslope flow, or vice versa, the wind 
direction was rather variable at these locations. In addition, 
On occasions when the surface pressure gradient was weak and an 
anabatic or katabatic circulation cell was not developed, the 


winds were often calm or variable in direction. 


At Trailery023 winds did not exhibit as much of 7a 
terrain or micrometeorological dependence. Pressure gradient 
forces for the most part controlled the wind directions and speeds 
at the meteorological tower. Both the mode and mean of the dis- 
tribution of wind directions at the tower were south-southwesterly 
or southwesterly, depending on the level of the tower under con- 
sideration, which is a reflection of the pressure gradient forces 
which existed in the Tract C-b region during October. Winds 
generally veered in direction (clockwise progression) and increased 


in speed with increasing height at the meteorological tower. 


Average temperatures in the monitoring network for the 
month of October ranged from 39.4°F at Trailer 021 in the valley 
to 47.3°F at the 30-foot level of the meteorological tower at 
Trailer 023. The average temperature at Trailer 020 was AS oe 
two degrees higher than at Trailer 021. At the meteorological 
tower, average temperatures were fairly uniform, ranging from 
45.7°F at the 8-foot level to 47.3°F at the 30-foot Level), with 
the 100-foot and 200-foot levels registering intermediate values. 
However, the average temperatures do not reflect the diurnal 
variation of vertical temperature structure which occurred at 
the tower. During cloudy, wet days, near-isothermal conditions 
prevailed at the four tower levels. However, on clear or partly 
cloudy days, the normal thermal pattern was: (1) inversion to 
100 feet, with unstable lapse rates above that during the night, 
and (2) unstable lapse rates to 100 feet with an inversion above 
that during the day. The layer above 100 feet seems to have been 
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decoupled from the layer below that level much of the time. How- 
ever, during extremely windy or cloudy conditions, there was more 


uniformity in the vertical temperature structuce. 


The highest daily average humidity reading in the valley 
during October was 93.9 percent at Trailer 022 on October 29th. 
October 5th also had average relative humidities above 80 percent. 
Likewise, on the plateau, October 5th and 29th had the highest 
average relative humidities. October lst and 2nd were the driest 
days of the month, both in the valley and on the plateau, with 


daily average humidities in the twenties. 


The highest daily average temperature in the region for 
October occurred on October lst. The average temperature this 
day at the 30-foot level of the meteorological tower was 61.0°F. 
Meanwhile, in the valley, the average temperatures ranged from 
46.0°F to 48.1°F. The much lower average temperatures in the 
valley were due to much lower temperatures from strong radiational 
cooling during the night. The lowest daily average temperatures 
in the network during October were recorded on October 30th, a snowy 
day, when temperatures ranged from 27.6°F to 29.9°F in the valley 
and from 29,8 to 31.0 Fatethe four meteorological tower levels. 
The highest maximum temperature recorded in the valley during 
October was 73°F at Trailers 020 and 021 on October 2nd. The highest 
temperatures recorded at the meteorological tower during the month 
occurred on October lst, 2nd, and 15th. The lowest temperature re- 
corded in the valley during October was 14°F at Trailer 021 on 
October 15th. The lowest temperature recorded on the plateau was 
24°F on October 30th. 


Considering the valley stations, winds were strongest at 
Trailer 022 during the month, averaging 5 miles per hour. Winds 


at Trailer 021 averaged 3 miles per hour and winds at Trailer 020 
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averaged 2 miles per hour. The highest daily average winds 

occurned on October sudyand Zlst. On al diurnal basis, the strongest 
winds OCcUmred from 1s00mto 1500 hoursvat Trailer 020, from-1500 

to 1800 hours at Trailer 021, and trom 0100 hours to 0200 hours 
(katabatie winds) at’ Tmatler 022; 


At the meteorological tower, wind speeds averaged 2 miles 
per hour for the month at the 8-foot level, 7 miles per hour at the 
30-foot level, 6 miles per hour at the 100-foot level, and 9 miles 
per hour at the 200-foot level. The windiest days of the month on 
the plateau were October 21st and 3lst. On a diurnal basis, winds 
were strongest on the plateau during the period from 1300 to 1500 
hours. Winds were lightest from 0800 to 0900 hours. The highest 
5-minute average wind speed recorded in the valley during October 
was) 23amiles sper hourtat drailer 021 on October 3rd. The highest 
_S-minute average wind speed recorded at the meteorological tower 
site during October was 35 miles per hour, at the 100-foot level, 
On October 21st. 
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VE: DATA PRESENTATION AND SUMMARY 


This section includes summaries for various recorded 
data at the monitoring sites. The data presentations indicate 
the variability of pollutant concentrations and meteorological 
parameters with location and time. In addition, the presenta- 
tions indicate the functional dependence of pollutant concentra- 
tion with wind direction. All data except suspended particulates 
(24-hour samples) are sampled once each second, but recorded as 
five-minute arithmetic averages of the one-second samples. This 
averaging technique tends to smooth instantaneous maximum values, 
and is especially evident when comparing wind gusts to local 
weather bureau data. | 

Inherent to any data acquisition system is random noise 
both from the recording instruments and quantization in the analog- 
to-digital conversion. The lower threshold fom ally analyereal em 
struments is twice the maximum noise level generated by the in- 
struments. This lower threshold is 5 ppb for all instruments, 
except for the ozone analyzer for which if is O25 ppb.) i bnesesonrer 
any values appearing in the data presentations that are less than 
> ppb indicate only a trace of pollutant@im question and should 
not be construed to be absolute levels. In addition, when 
concentration levels drop below the lower threshold, the re- 
corded quantity is simply random noise and averages tend toward 
zero. Thus, when concentrations are below the lower threshold 
of the analytical instruments they may appear as a zero entry in 
the data presentation which does not indicate absolute zero 


concentration. 
All pollutant’ data except fomepartrewlate data as 


taken at the monitoring site in integer parts per billion (ppb) 


but is presented here im micrograms per cubie meter Cicsma) 
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assuming standard temperature and pressure of 25°C and 760 mmHg 
(LOS - 7 nieli bars) pwesesPpectivels,. “ihe scale factors required 
to convert pg/m* at standard conditions back to ppb for the 


various pollutants are given in the following table. 


POLLUTANT TO CONVERT pg/m? AT. 25°C 
AND 760 mmHg TO ppb MULTIPLY BY 


The units of the meteorological parameters are given in 
the table.. It should be noted here that inside temperature is 
monitored and recorded as a functional part of the system but is 


Moe presented, ca yEhts seponc. 


Tablem ei drsplays the money statistics Lor each 
MOnTtOLIne StatwoneLoretne month., “fo insure statistical sig- 
nificance, and to reduce the possibility of introducing a bias 
in the presentation, averages are computed only when at least 
50 percent of the samples are present, except for relative 
humidity and temperature, in which case 75 percent of the samples 
are required. If less than the required samples are present for 


a particular parameter, that entry will be blank. The number (oh 
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samples present for a particular channel is defined as the total 
possible number of five-minute samples for the averaging time 
less the computer downtime less the channel downtime less the 
channel calibration time. The averages in Table III are arith- 


metic averages with the following exceptions: 


Wind speed and wind direction are 
computed using a vector averaging 
technique where the wind speed is 


treated as the vector magnitude. 


Particulate averages are computed 


as the geometric mean. 


Table IV displays the daily averages. Again, 50 percent 
of the five-minute samples are required in order to compute an 
average except for the cases of relative humidity and temperature 
which require 75 percent. A blank entry indicates an insufficient 
number of five-minute samples present for that day. Wind speed, 
wind direction, and particulate averages are computed the same 


way as described in Table III. 


Table V presents the maximum daily five-minute average 
retained in the data base as well as the time of occurrence. A 
five-minute maximum average is printed if any samples are present 
for that day. Therefore, the maximum five-minute average for a 
channel which experienced considerable downtime or calibration 
time during the day in question may be misrepresentative of the 


maximum expected for that channel on that day. 
Table VI indicates the five largest averages for 
various averaging times. The table shows the period of time 


covered by the average. Maxima are chosen so that time segments 
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are independent. The maximum averages reported are found using 
a ‘sliding average' technique with the exception of the 24-hour 
particulate average which is computed from midnight to midnight 
and the 3-hour hydrocarbon average which is computed from 6:00 
to 9:00 a.m. only. For averaging times less than or equal to 
three hours, the sliding average is stepped one five-minute 
sample at a time. For longer averaging times the step size is 
twelve samples or one hour. For averaging times less than or 
equal to one hour 100 percent of the five-minute samples must 
be present to compute an average. Averaging times greater than 
One hour require 90 percent. Whether or not a sliding average 
is computed is solely determined by the number of samples present 
in that averaging time and is independent of daily and monthly 


averaging criteria. 


To demonstrate the functional dependence of recorded 
parameters upon wind direction, Table VII shows pollutant con- 
centration displayed in a bi-variate distribution with wind 
direction. The tables display the total number of five-minute 
samples occurring in each concentration and wind speed class. 
The mean concentration for all samples occurring in each wind 
class are also shown. This distribution demonstrates the 
dependence of high pollutant concentrations upon wind direction. 
Appendix A contains stability-wind rose diagrams. 


The wind speed classifications used in Appendix A are 
based on the Beaufort wind scale classification system. This 
is a system of estimating and reporting wind speeds, invented in 
the early nineteenth century by Admiral Beaufort of the British 
Navy. It was originally based on the effects of various wind 
Speeds On the amount of canvas, that avfull-rigged frigate of the 
period could carry, but has since been modified and modernized. 
Imeits present corm: Lor anternational meteorological use it 


equates: (a) Beaufort force (or Beaufort: number); (b) wind speed; 
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(c) descriptive term;-and<(d) visible effects “pon land opjeces 


or the.sea surface. One land adaptation is the NRM wind scale. 


The six basic wind speed classifications used in the 
report are: 1-3 knots, 4-6 knots, 7-10) knots, 9! —lGainors: 
17-21 knots, and winds of greater than 20 knots The follcouame 
table is a complete description of the Beaufort Wind Scale, 


taken from Physical Climatology, by Helmut Landsberg, 1969. 


BEAUFORT WIND SCALE FOR OBSERVATIONS AT LAND STATIONS 


Corresponding Limits of Wind Speed 


Explanatory at 10 meters ab. erd. 
- Force Title Specification for Use —— —_  - _ —_— ume 
Mt/hr KXnots Km /hr. M/sec. Ft/sec 
0 Galintisrs,aeiectereteretee Smoke misesivcaticall yeeros <1 <1 <a 0.3 1 
1 ijn ales Gagoowds Direction of wind shown by smoke drift, 
butenotibysvwindivancsaeeerre eerie 1-3 1-3 1-5 0.3-1.5 1-5 
2 Light breeze...... Wind felt on face: leaves rustle; ordinary 
Nalics rrnenexs! lone Wail cooccacsonooscc 4-7 4-6 6-11 1.6-3.3 6-11 
3 Gentle breeze..... Leaves and small twigs in constant mo- 
tion; wind extends light flag.......... §-12 7-10 12-19 3.4-5.4 12-18 
4 Moderate brceze...} Raises dust and loose paper; small bran- 
chesiane moveds cq - iste sete 13-18 11-16 20-28 5.5-7.9 19-26 
5 | Fresh breeze...-.. Small trees in leaf begin to sway; wave- ; 
lets formed on inland waters.......... 19-24 17-21 29-38 §.0-10.7 27-35 
6 | Strong breeze..... Large branches in motion; whistling heard - 
in telegraph wires; umbrellas used with 
Ci ffiein ty ateeessicse erat cicdesererensy ereteone stevete ato 25-31 22-27 39-49 10.8-13.8 36-45 
7 ING WAGE odocec Whole trees in motion; inconvenience felt 
when walking against wind........... 32-38 28-33 50-61 13.9-17.1 45-55 
8 Freshigales-ce-re Breaks twigs off trees: generally impedes : 
. PROGRESS .c Ne wsines oe eRe aw eee 39-46 34-40 62-74 17.2-20.7 57-68 
OM iStrong valerate Slight structural damage occurs (chimney : 
pots and slates removed)...........-.. 47-54 41-47 75-S§ 20.8-24.4 69-SO 
10 Wholelraleseie eee Seldom experienced inland; trees uprooted; 
considerable structural damage occurs.. 55-63 48-55 89-102 24.5-28.4 §1-93 
11 Storinlecctaeievere Very rarely experienced; accompanied by 
Widespreadidamagesen. oes mee ee se 64-72 56-63 103-117 28.5-32.6 94-106 
12 Hurricanetyarcrecicyersiine sn vome a tere hortoerteae tects etic eleer nor bier 73-82 64-71 118-133 32.7-36.9 107-121 
DSO) vaio repay eieratinsore/ oferoveresoeill) e°sieCalersievave o/s: 6: ehayeneie lolete evelevevale) staneisleversvers) oie §3-92 72-80 134-149 37.0-41.4 122-135 
DAP) a cvevave oreus overetosetsterere |ios dsaseveienel asc ieverelotsveratelejetevaverereiauetezerareioleletere rete 93-102 §1-89 150-166 41.5-S6.1 137-15! 
BS | istatasataseretclen ote la loyerevallldsvavalase aici cievs; ausieparetetelste/olatera arsisveletel eretera Sis 104-144 90-99 167-183 46.2-S0.9 152-105 
DGic || Sa bvevece:sveje reel otesat ehaperall) mavayints sai ol oteiers aleve retetensyenedatenavelaneye re sreran ehesieverers 115-125 100-108 184-201 51.0-56.0 167-383 
YA EAR Sei CSA On Imre ICD OOO MOT Taos Homan 6 cena cmon 126-136 109-118 202-220 $6.1-61.2 184-201 


Source: Table 36(p. 119) in R. J. List (1951); Smithsonian Meteorological Tables; Smithsonian Miscell. Coll. Vol. 114. 
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Table VIII demonstrates the diurnal variation of various 
recorded parameters. Hourly averages are determined by arith- 
metically averaging five-minute samples, except for wind direction 
averages, which are computed vectorially assuming unit vector 
magnitudes. Totals in the diurnal wind direction tables are 
vector averages of the columns and rows. For all parameters, 

a blank entry in the diurnal variation table indicates that less 
than half (i.e., less than 6) of the five-minute samples for that 
hour are present. 


Times given in the data presentation are Mountain 
Daylight Saving Time (MDT) until towards the end of the month 
when the computer clocks were manually reset to Mountain Standard 
Time (MST). When the computer clocks were set back one hour, 


one hour's worth of data was overwritten. 
To facilitate comparison of recorded coneentrations 


to ambient air quality standards, the following regulations 


are presented. 
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APPENDIX A 
STABILITY WIND ROSE DIAGRAMS 


According to the data presented in AEC Safety Guide 


No. 723,) the relatvonships, between staba lity classes land. o, are 


) 
as follows (the values shown are averages for each stability 


Clason LuecatvOn lw.) 10-1 LS penerstengdendcwWevsatLon (Of .noLrezontal 


0 | 
Windeaieeckion, EluctuatLons )™ 


Average Values 
Stability Pasquill Oo 


Classification Categories (deg¥ces) 
Extremely Unstable A 257.04 
Moderately Unstable B 2020" 
Slightly Unstable C PA50- 
Neutral D 10.07 
Slightly Stable E 50° 
Moderately Stable F 25° 


Stability wind roses obtained at the trailers in the 
monitoring network are displayed in the following tables. Because 
of the relatively low heights above the surface (9 meters) at which 
the wind data is taken, the stability distributions are skewed 
toward the unstable end of the spectrum. That is, the unstable 
classes (A, B, and C) have a much higher frequency of occurrence 
than would be obtained with the Pasquill method of stability 
categorization (or with instruments at higher levels). 


Taplemideprers the frequency distribution. of Pasquill 
stability categories based on ora from data collected by M. M. 
Pendergast and T. V. Crawford at the Savannah River Plant 
GActwal Standaimd Deviations of Vertical and Horizontal Wind 
Direction Compared to Estimates from Other Measurements", 
Symposium on Atmospheric Diffusion and Air Pollution, September 


Donn toy 4). sineCendi Stanct; range vpattermns of stability class 


PI Cai 97 


CLEACSEMALY corcceorATIan 


distributions were observed: low, mid, and high, according to 


the height at which the Gg measurements were taken. 


AB eee 


Frequency distribution of Pasquill Stability Categories 


Stability Categories based on Oy 


Himes B C D E F G 
a v O% >23 «+18 £0 <3 aS Op <1&a 8 £99 <1 PS a <Oy <8 2 <p <4 o5 <2 
10. 226 13.9 21.8 28.9 8.9 Mm eee ‘ 
ee BCE 11.8 19.4 32.4 15.9 ee) oe Re el ace 
9) 9.6 6.7 13.5 21.7 29.6 1624s, bass ; 
137 9.3 5.8 11.7 20.8 28.5 ig.4° 5.5 ‘HO “RANcE 
182 7.0 2.9 6.8 17.1 25.9 a5 Gi tea 
243 ad 4.3 9.4 ai 27.6 22.9 10.4 HIGH RANCE 
304 7.2 3.7 8.0 17.2 28.7 e390 ts 


Also, Figure 1 (from D. H. Slade, Meteorology and 
Atomic Energy, 1968, p. 52) demonstrates that the Jane jeepreseae— 
ing very stable conditions (which by their nature are associated 
with light winds) branches into three separate lines near the 
ground. The curve at the left represents the smallest values of 
55 usually observed. The curve that branches off to the righe 
reflects the contribution of very low-level wind direction meander 
to the total standard deviation. These meandering oscillations 
decrease in amplitude very rapidly with height under stable 
conditions. The central curve represents typical inversion 
conditions. Actually, for a given stability condition, values vor 


o, will always be greater when the wind is light than when it is 


O 
strong. This phenomena is most noticeable in the lowest layers. 
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Figure 1 
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VERY UNSTABLE 


MODEMATLY 
NEUTRAL 
MODERATLY UNSTABLE 


O° 8 10 (5 20 25 30 


STANDARD DEVIATION OF LATERAL WIND CIRECTION 
Og (de9) 


- The vertical variation of the lateral wird- 
direction standard deviation (9,) for various stability 
regimes. The curves represent average or typlica 
conditions with the exception of the two outer “very 
Stable’ lines, which represent extremes. 


The large surface values of So for unstable conditions 


do not decrease very rapidly with height. As in the case of 
very stable conditions, the greatest lateral fluctuations during 
a very unstable thermal structure occur with very light winds. 


Acvavreneral rule, for a pivyensansolation condition, inereasing 
wind speeds are associated with profiles of oa 


0 that tend* toward 
Nevitial Stabuiaty . 


Theymajyority of the trailers in the network recorded 


vVenyelaehit wands. throughomt, the month.” Therefore, the stability 


distributions had a predominance of high ore values ands wnence, 


wnisiablewelaccuiatcateons. hose trailersiwith the highest 
average winds (and fewest nearby obstacles to the flow) generally 
had the more reasonable and representative low-level stability 
class distributions. 


Pine-199 


-200 


~~ 
4 


te es 


tC %-9e°e izes) © JAOGVY G3ZLNAIYLSIG SWIVD 4O YZ@WNN IvloLl 


FORCE OKSHETE FETE FECHUKSKSEGOSKEHEFS HHS KKEFT EHR ec eoEHOEKGC HKG DEG HHRKFER ERO RaHHKGI HEHEHE OO OHoeeKaKLKEBHL OHHH EKHKEROCKEEKBHOSES 


‘egee 
9292 
£96 
2ez 


Lt 


f Awilod 


98° 
$9 
82 


MNN 


Sey 
9tt 
ly 


MN 


4 ‘ ‘ 1 


gt . ‘ 5 ’ i i i seid t 4 ‘ H 4 ; ‘ 
val Gre 6t2 est tee eee oot (eel Zac 676 vile, Cy Gy Gee: Wi0d 
ett 69t 2c Got vat Got Gx. Gsih Gee Goze chy ave 8rpe Goat f° 14 
#6..09 9 40-06 96" Go 2620 iy ion mec ee ee cn ee Ze = 
ee a ee ee i Set eZ 
t v b t t € ¢ : gt = et 
$ bf Bt 
Fe be 19 
HdW 
Q33dS QNI« 
MNM M MSM MS MSS § 38S 3S 383 3  3aN3a 3N  3NN N 
NOILIZYIG ONIN 
v = ssvi9 ALITIavis 


CyL/tE/Ot OL vd/t /BT)COTs3d @2 = *ON YS VL 
ANVdWOD OQIATASHIIA JILNV WY 


WYYSVIG 3SOYU ONIM ALT IIGVIS 


WLAN RO. PN eR 
ee Sere tae Ol, <u 
cS Nee en y mas 


« 


( % 66°22 )Gcp 


* BZA08V OSLNGTYLSIG SWiV3 dO YSaWNN AvLol 


wmriraavaminiN en cote OSU OU IO OLE UD OD COI CC OO OOO UOUDO OOOO ONO UD OOGKiOt 


4 


6y9t t ee 
e18t $ et 
ees s tf 
tat tt 
8} $ 

: 

, 
IvwlOl MNN 


Go Go  Zet ate. cy oe 

St 20) Ute Com ce, ce 

6 €2. 500s hit ce 2 a¢ 
g teeta & Z 


MN MNM MM MSM MS MSS 
NOTLSZYIO ONIM 


Co2Z7te/0b OL YL/E /B4)00TN3d 
ANVdWOD QISTSHSTY JILNVILv 


‘6t 


9 


$ 


tes 


v 
tT 
a 


ass. 


ae 


v4 
Zt 
61 


3s 


gee, .Cob “foe te It 


pat eec Gee 2 6 


tZ 92t Te 3] 
te ] ¥ 
v z t 


383 4d 3N3  3N ANN 


= "ON YSTIVeL 


WVYUSVIG SSOe8 ONIM ALIVI avis 


0] 


5 


(Oe 


iM 


yt H Wildl 
ie H ¢ L7 
Z : Z oe: 
$ et = £ 
H gt aoe 
H ve - gf 
H ve oh) 
MH dh 
Q35dS CNIA 
N 
=-SSvao Ad LEVIS 


( 2 vite? vcr ® JAOEV GALNBINASIO SW1IVI 40 YAGHNN IvloL 


SOKRFCHOKTHEKCSOHFEOFSCHTHEDHOGOHSKHHESEGDKEHOKEDKE HECK VDE CHEK KE HOKE OOH HTH GEE OKHOHEKSHEOKFEKTHOFKEHHTHOTDEOCKGHTHFHOKHKOEDOKCKE SESE HEHHEES 


‘teat ( GS" [St “ye gg Tee fees Go ml me eee ete cn eg euerem Ce cme ceed WwiOL 
ostk ics 9 cf og 92 at (a ter ohh etme ve ccremg er aiguet = C17 
cto 1.0 9) | 0g = arco mmNecianeTit Se eC ot Le Re eS ee 
VIM Me) fe ey ay 1 Po reser ee ae 
6 2 ee pg et. 2 
§ 3 ve ~ of 
: 7 : Vea ao 
KdW 


G33dS GNIM 
‘WWLOL 9 MNN) MN MNM OM MSM MS MSS § 3SS$ 3S 383 3 3N3 JN 3NN N 
NOTAS3NLIO ANIM 


2 © ssv19 ALI Tavis 
CyL/T0/B3 OL vZ/t /Ot)GGIYsd 82 = *ON NBITVHL 
ANVdWOD OISISHIIY ITINVALY 


WVYOSVIG 3S0¥ GNIM ALI‘TIavis 


a ho ee. or 
ee ee ee ae 


S\ RINT 
' 
,¢ 


t 


466° 
sso 
292 


ge 


Wiol 


' 


y 


i ¢ 


MNWN 


-% TPs? 


BEE SD oFT HOO SESE KSKRKEKHO KOH HOKEHHEHEI,E KF HKG BG OEKHE OHHH DH HO KH KDKEOHE EHO HHO KRHSHEKE KSC HROHKHLHE HC OHKBHHKLDEKDSHESEBHEKOSOS 


t 


MN 


ot 
ot 
S 


MNM 


1692 * JAQaV O3LNGIYLSIG Swivd 30 YSEHNN TV 


WO IC) ate = 66. 1 Oo et oe we leo ope cles wat 
Gio = 2t. wat 1 96 pO2 wee st 
Sv Et | G65) Ge- yc sexe 
e 9 Yeo “py 1 
iM MSM MS MSS § 366 a6 46a) 3NQ aN 


NOTLIASIQ OQNIM 


(pdZ/bE/O8 OL vd/t sat) GoIYad 2 © ‘ON watIvEL 
ANVdWOD QUSLSHIIN IJIANV Ly 


WVUSVIO 3904 GNIM ALTTIevis 


\ 


lol 
Pipes “Gt ant viol 

Z oy ¢ 11 

Z y : Z = ¢ 
: Zt Se 4 
‘ Sf 2s et 
: bere m0 t 
: rp2 oO 

HdwW 
G33dS ONIM 
3NN ON 
Q = sSy1d ALITIGVLS 


[Salton NB ies tea Peete 
ee ed ee eee 


PR NE mere yg ees - ~ 
t i ASE om 


beGeoHCSC HOR HeHEHSEHOHREHHOTE SEEK KEEK KE GDS 


Ost 3.0 


cat 
es 


Wwiod 


. 


MNN 


CEL 76ers 


MN 


4 


£ 
¢ 


MNM 


’ 


t 
8 


{ 


deG 


I 
4) 


7) 


RSM 


4 


4 


® 3A0eV Qsinglulsild SWiV2 4O S3SawnN viol 


> ? 4 + ‘ ‘ 4 4 ‘ ‘ 3 4 . ’ 


Q Q g o. ' %¢ Tho Le eet 
st “ce ec ft 
6t- abl = 
g 

NMS MSS S ease Meee oe 3N3. SN 

NOIL23NI0 ONIM 
OL b4/t sot) GQOruad az © “ON Uaitved 


Co d/te72t 


ANVdWKOD QIATAHOTY IJTINVILV 


WVYUSVIO 3SOe CNIM ALIIUIevis 


A It er 


& 


ti C-'204 


COHFC KOE RKC KEKE KKH OOKEKHHEHTE KDHE KHEKHEKTEKH KDE CKEKCKHKEKeO OC HKEOKERDO KEK AO AOSEREOSS 


a e : WWiOL 
t $ ¢ £7 
2 : d -¢ 
: Bie ey 
: a 
2 ve = @t 
: v2.49 
Hob 
G33dS ONIM 
SNN ON 
| * $svid ALT 1Ievis 


ROIWIOTtNOoD 
= FRY 


-205 


C 


I] 


AEs \5 * ALIVIGVIS 3 30 S9OVLN3De3ad 
© 6t°t) = KLTIIavis-¢ 430 BS9OVINSDNAd 
% @@*2e2 ® ALITIavis 3 dO S9VINIDN2d 
~ 62°63 «#® ALLTIGVIS 4 30 39VLIN3943d 
% 6¢*Sp « ALL‘Lavis v JO B9VLIN39N3d 
€ % cece j)zsd2 @® JAQGY GSLNGIYLSIO SW1¥9 4O YSaHNN ‘vLOL 
SFC cCeCEC CRE GEO HOHRKHEHFTETCEHCFEGKOHOHKKEKEKHKEHKEKEKEC De GOKHEHFGHOHGFGOKSKEHSELEKCHTHOKCKDESCHFKEKR SHH HOOKER HEHEFOSEHHEGHEKLOBEEEOS 
i j : ee 1 % : a 4 ‘ = a: ' z , ‘ ei : i 4 4 | j ’ ’ : i 5 : 4 ry i ? 
6pse 8 Get 68t 628 229 889 Bre tee ote ote Sot E68tt voce 6e9t ez2t $9 CCN, mat VwLol 
teog 3: 98 LEU C61 cot cee OG C6 v6 eZ PAS 419 89ZL3 vert sat Zs 96 : ¢ ial 
love tece B9 Ce OlCmeCoc eane v6 Out LZ 9g 6b GZS 681. 5 Zs : Z = ¢ 
Qp eteuc t et 2y o9 4 62 Ze B9 vs Pes 2264 og 3 rans s { 
9¢ tae t t t ¢ v ¢ 6 9 v : Qt = 21 
: : v2 = gt 
t 3 ve i) 
HdW 
O33dS GNIM 
viLOl mNN MN £=MNM & MSM OMS KSS  § 3ss 3s 383 3 3N3 JNN N 
NOITLOZNIQ ANIM 
IwlOlL © SSVI9D ALIN GvLs 
CyZ/tE/03 OL bLZ/T st) G0lx¥2d 62 © *ON YSTIVYL 


ANYdWOS QUISISHOIS STLNV TLV 


WWHOVIG 3S0u ONIM ALIWevis 


Pegsta Reh eouhatolcae, oe bes 
NOI Veo USS 
Pe cokes oe . “ 


t 


2S eee el po ore Me ore Mie eee 


C-206 


1m 


Cox 86°32) izes = 3A0GV OSinalelsId SWIVI 40 YSGHNN ‘TvLOol 


CSC SSCOHCSOHHEOESOHRHTOSHEHHHEKFE KEKE SKC HHO OHOKEKEKHFE OC OKHH DHF HKCHEKTEKCKHEKH DO EKHTKEKOKECKEKHEKEHHOKEHO OLDE CHEF EKEHOL OS 


4 


Loee 
SOLt 
te2t 
6ce 
a¢ 


Wwilod 


$ 


tat 
22 
9¢ 
1 


MNN 


é ‘ ; q qi =e é 4 i 3 , i 
882 tre 60T 38 


2i ‘v8 ‘opt’ Ges’ ‘sts’ zeg ety’ ce “se | ob ce qvl0l 


se 
Lae) 
— 
a | 


Get eet 9 Gv 6¢ LV 64 byt “422 ese 02 gc 8¢ 6¢ 89 
430 46 ce 02 6% ve eG pet 26% o9¢ S6ét ve, 2 FS) 9} H d as 
ov 92 et gt vt 9 bt 2 GZ Lo ya I ra t 3 $ ot = 2 


¢ rd Z 9} 8 gt * 2} 
t t H 2 = §f 
t p2 19 
Hdw 

Q33dS ONIM 

MN MNM MSM HS MSS § ass 3s 383 3 3N3  3N ANN ON 
NOILI3SYIO GNIM 
V - $svid AsIiIevis 


Cpd7te/et OL bdZ/t /Gt) QOTYad TS) «© SON UBT yUuL 
“ANVdWOD OVISHSIY JILNVILY 


WY¥YSVIQ 3SO0Y¥ ONIM ALTIIGVILS 


ae NCMUMOAMOD & 
pa Reon eye = gee 


=A 


. 
4 


( 


I] 


C x eo°st Jote = S3A0GV G3LNGIYLSIO SWIVD 40 YSEWNN ‘VLOL 


bpbeavbooovassebbs 7 a EE EG Ce Re Gar ea EIS ON RE ee nee ee ine noe Ve Sica aaine a8 
LEO : i : Dak eS ‘ ‘ t sf ’ 3 : eee ’ i 


GOP 1-30 BOlasohtee ore gs = ec. Gee sOemen ouie= cue cen Tete cole (6 ae : WvilOd 
16S 2 S22 NG ea cumeect ere 9 tt Ot= “op =6ol Get. 69 ge- ¢ Z Dh ime ¢ 4 
e091 8  «§G= 6G 8 eee ates 97 atc meee ommnD CU mrp my 1 


H is eee 
vet 3 2 i095 <6 S Z p z Ae aay 9° eee 1 : Cie Pod 
+g § ¢ I t 8 oe 9 : gt “acs 
8 3 t J 9 J t ve ane) 
4 : re 
HdW 
Q3adS GNIM 
‘wWlOlL MNN MN MNM MM MSM MS MSS § 38S 43S ESE ee | aN aN 3NN ON 
NOTLO3YTO ANIM 
a # sSv19 ALI iIavis 


CHL/TE/OE OL dst sO) a0TYNad te = *ON YBTI VL 
ANVAMNOD GIZISHITIY JILnNViiy 


WVYDVIG 3SOY AGNIM ALIN avis 


e as COTE OTICD Be) 


Sep FOR TT ey 


208 


1a Ore: 


C2 hee sts Jeet ‘S JAOGV GSLNGIYLSIG SwWIvVd 4O YSeWNN TvVLOl 
SOS TSHHTESO HFG HEHOSOKCKCHSHSEHEKDAOECKHKE RD HOHE KC HOKHEVEKKEKCKHKE RHODE HOKHHC OED KEOHHKEOKHKEKHEKH KER HHO GCKEKEGKECKROHHOKHHEOCKAOKOKHECEGS 


J ee 0) i Tee Tayi | 4 i eee ae Ove 
| 922° 92p Ae ar) ee ayvi0l 


v 


4 * 


4 ; ‘ 
BS2 ZF a 


, ee eee hee ee i eG (Taint fae ae ee Ps, Ae Eel { 
Zept ¢ 2p. ‘2pt' eat vo 6 9 91° ‘6 Ss 


EGS & ve 9G ce dt 2] @ ¢ 9 62 3 G9t G6 91 9 Z 91 t £ a 


o¢9 3 St vG ov 9¢ 9 ¢ et re G2 ve G6% “Oey <2t Z ¢ t H Z cota 
9et ee te pe im t t I t ) te 9G ct ¢ $ et ae 
ey § t ' t 8d 9t t t $ gt a~-¢1 
¢ 3 4 3 : po * OT 
: H ye LS 
Hi cl iW 

Q33dS QNIAM 

‘WwiOl &NN HN MNM WM MSM MS MSS § ass 3s 383 3 3N3. 3N 3NN ON 
NOLTLISYIO ANIM 
a) = ssvi10 ALIVIevis 
CoZ/TC/Bt OL pd4/t /Bt) G0Tead 1S * “ON YSTI VL 


ANYVdWOD QISTSHIIY JILNV TLV 
WWYNVIQ 3S0Y GNIM ALT ITevis 


RO SOR FE NALS eh 
~ Ne ha ed OA Os 
d CA MOT Lees . 
2 . . 7 


d 


(220897 


SOK KE SEO KEOHOHHESHEEHHEHGHOKESHFEEOFHESOCHHHHKH DO HOEK BOS 
@. 


t] ‘ ] ‘ ' 
162. = 82 6r. 


Maen Fe: 
Gte-—iGe Bo 
cee 4 2t £9 


Vel Saco 6 
9} § t 
is : 


IwLOL ANN MN 


oy OTe 4 
at ¢ ) 
6% 6 t 
yt t 


MNM OR MSM 


621 


? 


Cr L/tesat 


8 


MS 


t 


1 


® JA0gv Aaelnelylsra Swivd 40 YSaWAN TvLol 


i 


¢ 
2 


MSS 
NOTLOSYNIG GNI 


WV¥YOVIG 3SOY¥ QNIM 


i 
’ 


4 


. 
¥ 


@ 


Ss 


4 


i 


8 


ass 


OL pd/t /6t) QCTH3d 
ANVdWOD OIZTSHILTS SILNVILV 


6¢ 


V2 


9 


4 


v4 
¢ 


as 


i 


te 


coz ¢2t 
QL aL 
92 be 
a¢ tT 
a uaz 

if 

asae 4 


’ i 


gs. 


82 t 
V2 @ 
6 

3N3  43N 


=~ "ON YSdTIval 


ALT IIavis 


COOGEE C CREO CEC OK HCOHKEHSKHEKRYLHEHOHTEKGHOBHHOKCETD OOS 


. i 


¢ et 


¢ gt 


C209 


et 


co 
-t 
< 
i 
O 
load 


H PANS cee'd 
: 83 a 2t 
: ve = ¢f 
$ ve i) 
HdW 


Q33dS OGNIA 


= $SV19 ALT IIavis 


210 


DEG 


( %c9°ec jee *- 3A0GY GaLNGTYLSIGO SWIVS 3O YSEHNN TIvLol 


SCS OKECCHESHCHCKEOTHEEKFHESKHDEKHOKEKEKOKEHCHKERKKTOKHOKEHOKHEKEKLKHO KOH HOKE HOKEKKEKHKEFROKDHOKHO HOKE H KEKE DOHC HOH OHHH KREKHESOLY 


aes 1 ee See fe Pe ein Oe eG ameter Seectat: Kwai, (cre Rte) 7 )a en Hea tatay «| ‘ (Hy i i ' 


p2t § 2b 9 = 9) OG ae gc’ ‘ac ‘oz @ 1 g : WWLOd 
ef ¢ 2iecmumna Cen bea ee cee ; Z : coe 14 
co | oe eee | as 1 : an ras 
ott eet eae 2 vic Stee = Z 
¢ H 3] i : Qt = ot 
: : po = at 

: : pz 4 

HdW 


Q33dS QNIM 
Iwl0l MNN MN MNA M MSM MS MSS § aSS 435 as3 3 3N3 JN JNN ON 
NOTLISYIA ANIM 


3 BES saa Wad VY LS 
Cypd/te/O3 OL vd/t /Ot)a0THSd 12 = ON YSVI VEL 
ANVdWOS QVAISHSTS JILNV IV 


WWYSVIG JSOe GNIM ALIVevVI1s 


‘ FON 8 Dre ee 
€ & ROMLWVUDAMOD Ge 
> ks a2 4 


Pee= 214 


RAGE * ALIVavis 3 40 39VLN39u3d 
4 SIV “SALT lisvis Gd dO B39VLNI9NSd 
% @t*o2 -@ ALITIGvis 9 JO 39VIN3S343ad 
% @@°6t @ ALINWNAVLS g 40 39VINSI9N3d 
% @9°Sp © ALIVIGVIS V JO 39VLIN339u3d 
( x 2e*st )euct @ JAQGV Q3LNGIYASIG Swivd 40 Y3SHNN IvLOol 


SOOKE HOKERFGOKERECKSHOKHHKEHEHKEHKHKEHOHKEKTHE KE KDHEKL OEE HEKEKLDOKBKFCHOBHHHESHKEOKHHOHKHHOHEHOKHEHKHHEOHEFE OK HTHEKDHEHOHOKEHOKBHASGEGKEEHSS 


— ‘ts2° ytt ‘aes’ tet ‘ezt’ Szg¢ ‘zeat eeot eset sez ‘#9 ‘89° cyt 8 qvi0d 


£602 % \Ger- 662 tc 


i 


9pce 8§ B9b B42 be G6 BS 60 €9 26 Lco «8660p 66SL 6 6L9b CLEC 8S Oet #8 ¢ a 
ceee 8 t4 862 Ste pat 6¢ 62 £g eg c6t Bebb StL GeS 48 Zt § te i £ AY 


ece $$ et Cele Ie oe oc oS tt Lt 88 Tot 6e% t9 Lt j t j 3 ot ae 
evs & 2 e% ¢ t 9 62 oe v t H 8h = 2t 
ct : re ] 8 ¢ : v2 = 9} 
H $ ve 13 
HdwW 
Q33dS QNIM 


‘wiOL MNN MN MNM MM MSM MS MSS S$ ass 4S 38a 3 A3NQ = 3N SNN ON 
NOTLISYTG ONIN 


AV IO = -SSV AD SALT IIa LS 
(yZ/te/at OL vé/t /Bt)00Td3d to = °ON SSTI Vas 
ANVdWOD QISTSHOTY JILNV TLV 


WWYIVIG 39804 GNIM ALTIVIaVLs 


é at hep hie 
NOLO Ca 
¥ BA. Peers ger ms Ne wy . 
‘ e 


‘ 


1921-3 “Temes 


.e.) 
oO 
x 
ee 


ot at 
626 tat ct 


WilOl MNN MN 


CRE pie tet 


CTO KEGCCCHEKEKE AEH HKHEKHREKHTHSOKEHKEKEKCOKRHEKCHKEKEHKEOKCHG HO OKRKEHEKHEKKHEOKCHKHOEOEKEKKHEHC HO HOHKHHOCOHREGKHEeBKHEGDOOBEOLERGCKECS 


 6¢ 
et 
£2 


MNM 


ai 


' ‘ + ; ‘ ‘ 

ett <“4et 

gt oo 

6S 89 

vy vv 

t ¢ 

M MSM 
(oL/ 2/24 


= JA0GV OSLNGINLSIG SWIVD 40 YSeWAN Iviol 


ys Bey Ded 


61 
6t 6 at st 
OP rare] 9} ot 


gt v ¢ v 


MS MSS S$ 3S$ 


NOITLI3YTO GNI 


gs #7903 
c¢ 62 82 ¢9 


vd 
86 
th 


3$ 


OL vpé/t /03) 00Tk3d 
ANVdWOJ QUISISHIIY JLINV ALY 


WVUSVIG 3sOud GNInM 


~ 


t 


8c ae vat 
vG 4ge «db 


id Bye £e 


aS3 a4 aN 


Zo FON BST VL 


ALT UIaVLS 


r2t seg eee 6IT 


1 


202 


lidlenG = 


Gye 60. vio. 
Ser ud Wot g 14 
We Sete Oe Z “= ¢ 
S : gia 
: Qt = zt 
: ve 30 = gt 
: ee eG 
HdwW 
Q33dS ANIM 
3NN ON 
v * sSv19 ALIVIeyis 


NOMVITOAUCSD 2 


ED re aT Py 


rhe 


1} 


4 . se ¥ 


G-715 


I] 


(422956 2g © ZAOGV A3ZLNGIYNLSIO SWIVI 4O Y3SGWNN “viol 


CEOS FEKE CFEC KoHHEHHHSOHHOHEDHOHSHEHOKEKEKHOHOKHKE COKE HHKHKHEe EO KHEH OHO HCHO KHOEKDGHEKEOHHHKHKEHOCKKEKO HOHE HOKE HEKEKCOKBKEHES 
’ ree | Teast | ont ! ’ Deh ere tok as, eee mn LoS wer ’ 


) ’ ' ‘ : : ' 
199 401 eee ot. CG uno mole oe f 2 Z G2! 


Liceueeike Co ites Gos qvi0l 
263 3 5 ae ek bl, es oe Se oe: ee ere ee 
962 3: 9 i 2 Sioa fe lee , \ Sel seort Sorepoeeot— 7s * cate ss 
902 3 2. Set. tees et er Got. Toes ' ‘ee 
1s ii v i meh =. 2h 
H H v2 = gf 
; es pe = 49 
Hdk 
Q3adS ONIM 


‘Wwi0lL MNN MN MNM MM MSM MS MSS 6S 3S$ 4S 38a 3 JN3  43N ANN ON 
NOTLISYIG GNIM 


. g » $Sy19d Aaltievis 
(pL/te/O% OL vs/3 #04) G0THAad Zs “ON WaTIVUL 
ANVdWOD QUSI4HIIY ILLNV ALY 


W¥YSVICG 3S0Y QNITH ALTILaVLS 


° Shieh A dot Aetatas Stein 
a me ee ee a 
\ OW ay ere: . od 


4 eit 
\ ‘ 
ee ea! ee Oe oe eee pee 


C-214 


1] 


C% 6e°ot) js * SA08V Q3SLNETULSIG SWIVD 40 YSEWNN Tvlol 
CHS O CES OEEEER OH ODREH SHEER HEHEHE EHES HEE EHO HOH EEE HEHEHE HOH OH HEDEOEH EERE OTE OEE GEO EEEEEHOEOE 
PT PM Ce yk tO bee pe we Og W001 
vol 20 t v gt et t t @ 9 A Cv te 9 ¢ H ¢ ss 
Chou ¢ ye Lz v v v TZ Lv g ¢ G g £ eae aA 
tet 3 yt 61 t t Bot Ze t H ct valast 4 
sz y Stat : at = et 
H : Ve = 9} 
: : ye 19 
HdwW 
G33dS GNIM 


‘WWL0l MNN MN KNM M MSM MS MSS § 3SS 3S 3Ss3 3 3N3. JN JNN N 
NOTADSNIC ONIN 


is) s-6SVio ALI U1ev.is 
(pd/te/Bt OL vd/t /63)G01eAd oo 0 6 SON MSATIVUL 
ANVdWOD GIZSTSHIIa JILNVILV 


WYHYOVIG S3S0u GNIM ALTVIEVLS ; 


Re eNS FRA tem 
@ Poreees wart Ge 
: Re fotos Le 


+ \ 
ens Yeoh Vitel) 6b “ieee ed ee, 


fees 


¢ t aie 


Bee 


vl 


Wiol 


a t 


t 


g 


MNWN 


‘ 


MN 


& 
( % pSs’tt 
POO KCHKOKC COKER THEHSKHSOHOHHSHSOSHEHOKHKEHCKHE MK OKHOHEKTKEKHEKCOOKEHKHOKHKE HV EHOKTEKE OHHH OKHKEKHEKE FD OHOHHEHHHOKGHEHEHGHEOHEHEHKEOHEKHHKEEGES 


‘ect att et 


, 


4 


8 


MNM 


4 


St 


9 


é6¢ 


Ze 
at 


vt 


MSH 


, 


Cy L/te/at 


@ JA08Y GALNGTYASIG SW1V9 40 YSaWNN WwLol 


hey ue. en 

(aren ; ts 
ac 
be 
vy 

MS oM6S § 388 3S 394 3 


NOTAS3dTQ ONIM 
Ol pZ/t /8t)aoluad 


WwadvId 3S0u GNiM ALT IIavis 


be 8 
gt v 
Sb t 
G2 

3N3  4N 


do = "ON NSTI val 
ANVAWOD GISISHIIY JIANVILV 


a 


eX" S 


6 


Z 


3NN 


FAT mo , 


i'm 
¢ 


H Wiod 


ee 
rt? 
ee 
J. 


H b =< 


$ Zt =: of 
H et a ct 
H ve = gt 
H ye 13 
Hdw 
Q33dS GNI 


= ssv10d ALrTirevas 


PLLgTOcheosS & 


voce 


j 


CYSC7° ad. at 


C=20 


Ut 


© BAOeV Gaingslylsid SwWIVI 40 YaaWNN Iviol 


COSHH SSOHEKRKEHSHOKHHHSOHEHHSHTHETHSESHOKOSHEHHEHAOHGKEHHHHOHEHHHFEOHHHCHOKHHKEFE OHHH HEHEHE HH OTE HO HOB HE OHIOD OS 


Pree 
6% 
et 
ce 


Lt 


Twilod 


¢ 


ANN 


8 


MN 


‘ 


8 


MN 


«| Z Q a Q g 1 1 tp 


Re ee Beavis i ty if) 6 EBA G ee 1 Aa Ae, ee a ie Se er 3 


gz 
a 6¢ t oe bares 
1 zg Ro og pone 
2 eZ og 
9 14 


M MSM MS MSS 6§ 3ss 3S sJ83 4 3N43 JN 
NOTLOSYIC ONIn 


CpL/tE/OF OL VL/T /B3)d0TH3ad 22 © “ON ASTI Ved 
ANWdWOD QTSTASHOTY JILNV WV 


WV¥YUNVIO 3g0u ry ALTIVIGVLS 


— 


4 i ‘ 


0329 : WvlOd 
: e 7 
: Z 2 ¢ 
: gates” 2 
: gt 2h 
: v2 gt 
H ve 43 
KdwW 
QaadS QONIM 
ANN ON 
3 * ssyv19 ALIiIeyis 


NRNOILYSOAUS = 


PTET aN t 


iy 


? 


“ 


BG 


* 6e-¢ ® ALI avis 3 30 39VLN39UN3d 
% 68°6 * AlIilavis a 30 39VIN394N3d 
% Gp "Ot <@ ALL AULevis 3 30 39ViN39uNRd 
x cof6t «<= ALINIavis g JO B39VLN39u83d 
% dy*ts # ALI‘IIAVis Vv 40 A9VAN39u3d 
(2y>7 7228 diac * JAOGY GaLNGIYASIG SwiVD 4O YSeWwnN viol 


SSF ECKHEEKR EO OTHESKHHOKHSKOKSHHHKHOHOKEHEFESKHE ROK OKHKEFESOHEKH HOHE HKEOTHEHOHCKHEKHFEHFEGOHHHEHEHFOFEHGCHHEKRG HUH HRKHeEKBEKLOHHGHKHGDOOS 
eos ae 4 ‘ ty ' ae : i 


Spe ¢ ge Ves" Soe Bee “gee Geh bh |) te 20° ec 691. for! ceo scue a2. 79 


Wilol 
828 


Lt TT oe 6% GS be et 13) ct Te ov GLb ple vet —ZP G2 $ ¢ i 


c2vt 3 68 €F 9 SO fete 00} O75 © ncee (het) umCcme iC ences Oy cmmG CRC Ge Gt uZ)  =-¢ 


coos 38 ft G 82 Cot ve G ¢ v vt 99 y9S St 9Q Qg $- ot SVE 
oot 3 rd Bi | 3g Gp Lv | et e ct 
$ : ve = gt 
8 : ve £9 
Hd 
Q33dS GNIs 


WilOL MNN MN MNM MM MSM MS MSS OS 4s$ 43S as3 3 3aN3 3N 3NN N 
“NOTLIDSSIO ONIN 


AVLOL ===SS¥ aa =ALTILEV LS 


Cpd/te/Ot OL vl/t /83) COlYad ge 6 *ON YS TIVAL 
ANVdWOD GQISESHITY JILNVILY 


WV¥YOSVIG 3908 GNIM ALTIIEVLS 


Sy : & NOULY2OdUS ey 
fet, ere, ser ros ees POMS ™ 


eae i : 


f Pmt 
pT SD ee me yom St Se ee Cn So ee 


Gazi 


I] 


(C % et°6S )ae8 © SA08V G3LNSIYASIO SWIVd 4O YsennN Ivlol 


pCR BCH POKER FEHKESHOHSHSKHESHESESHRSEKHKEKCHKROKHEKHE FO HEHEKL HE OKEKOHFCHEKHKKEKRKEC HHO KFTEH OK EHEKEKKH HHH KDHE OKKEKC BHO HKORGEEHE HHH HO KDKHEGES 


{) ' 4 } t 4 3 


3 ‘ t ‘ ‘4 t : yoo ’ a ‘ A 1 & ) ; . ie F : ‘ f] ‘ i i : ; 
eeot ies ‘6e 96 22 ¢c -eul bee zee saul oe) he) 9) Go upo cc mec ment Wvi0d 
Sytt t ob 99 @e@ 8G Oc- Gz = o¢e “tole coup HIE =)zu np GusEGG tec umG] mmu7 om ¢ 14 
tle ¢ Of =@ fe epte 27mec Ci cy me oC Ut ng et eat 9 y Z Z ‘ Z = ¢ 
S£o an z 1 1 S Bt. pt. eee eat 1 : ae sy 
pS ot 1 Ge eeneeot 2g Bee baee 
i 3 t : A # §t 
' : ba 19 
Hew 
: Ga3dS GNIM 
iyLOL MNN MN MNM MM MSM MS MSS § rie oi) eh ch Eheh Se Sine 
NOILD3NIG GNIM 
Vv ® $SV12 ALIIZ1Ievis 


(pd/te/Gt OL vd/t sat) C0TYad €2 § "ON HSI VYL 
ANVdWOD GISITSHITS JILNVAILV 


WVYSVIO 3SOY¥ GNIM ALT IIavls 


ce an Lav As Pelee Pe natn 
Oe Re ee ees ee ee 


fr ST Hy 


, 


Soe 


ee 


( % GSe°us )Szes ‘S$ BAOS8V G3aINGTYLSIa SwiVd 40 YSEWnN Tviol 


bbe td PIO OO SIU UO ON OO SOU CO UC OOUU OU LBOOIG OO L OOO OU OUOOOG OOO OOO OC OOOO d 
‘ ‘ ’ ° ' 1 Fi , j . ' r ‘ 3 ’ i ‘ Vo: 4 t i ‘ 1 j ' 
6yOl i 8° 2G GC Gere eco penemoion cot ug7 


26 C2 ele seco Oy go ope wp IvL0L 
6s< t 02 66 “een mac = ce) Ze" “ccce gg = crumecceemerC Slat mmm mas 9 ote = g 41 
e4t 8 8 et 6¢ > Zt Te OS cc aes v v @ = 2 g : Z at 
2 € 1 t 33 Ge. ) 4 I : ay | 
Oy 3 | ae A t : gt = 23 
t H t $ 02 « gt 
t H V2 id 
Hdw 
Q33dS ONIM 


Iwl0lL HNN MN MNM # MSM MS MSS § ass 36 aSae 4 ANS  3N JINN ON 
NOTLIZYNIG GNI 


q = ssvi9 AuIdiavis 
(VL/3E/05 OL vL/E /Bt)QOIYad c2 + SON BBTIVYL 
ANVdWOD GUSISHITY ILANV Ly 


WVYSVIG 3SO0u GNIM ALINVIEvLs 


MDILWIZO ANVOD 
Nae i at ee a te 
BM gery are pes . ry P 


Ce220) 


Il 


CX Verte Jitec ®# JA0GV OSLNELTYASIG SWIYD 40 Y3aWNN IvloL 


SECC SHORHEHSEOHHOSHEHEHHHEHEHHOKEHSOKHG COKE OTEKH CKO C HK OKT HE HKEOCKETOHHOKEKEKTHEKEGOKAKEKHEK OK KO eEDHOKHEOKLEKGK OSG 
: ’ 


‘ , . a + iaa i , ‘ ’ ‘ 


'@26'8°S2 CO 2h «ee pe Gel gos oz abo = Gem Gc inc eeceee cee y) ance vio 
veo & St 2 . 2 “Ge Ge ve eee vcetc oc cc hc maT mur cune? S : ¢ rie 
ie tae 8 St 46 PY 22 “ceo ¢ eT iste. 9% «6 Die eee Z : Z a ¢ 
Sy at S 1 t Z vr - Seg? = ob 9 t ‘ Bo ay 
oy g S a a { : 6h. = et 
y t 1 t 2 : be = et 
‘ Hy vc Tia 
Hdk 
Qaad$ ONIN 
vlOL MNN MN MNM # MSM MS MSS § asS) 36 dss Nao SNe SNNOON 
NOTLD3NI0 ONIM 
3 @ §Sv19 ALIWISYLS 


CoLZ/te/Ot OL vd/t /BtGOtYad €2 = °ON YaTIVeL 
ANVdWOD GISTAHIIY SILNV ALY 


WVYSVIG JSON GNIM ALI IIavis 


& @& NOSLwEocVD @ 


PA PISS wees, a 
t ¢ 
1 Ya aoe ake te t 


O62 § Gz 
Zve 8 Gt 
@zt tg 
ig Pe 
9 1 5 
t Q 

: 
WwLOlL NN 


“C 4369" 2¢ 


es 
62 
64 


MN 


9% = 6 


i] 9 


MNM 


22] 


, 
4 


Pipe 


)Lbt * SA0GV QZLNEGTYLSIG Swivd JO YAaWAN “viol 
it SORIIRIEE rans 2 hee OCC OG 2 DORR GUO OO OUT GUL Wo CA OR DONO Grbc Moan Gbn Sar 
= tte lew aod ath Seats Sete Soy lots ge pe Sn ebadt: t 4 Wwi0d 
6 Qt aise G So ee | ed ae’ ohee =f ¢ $a) 
J 8 Ciera t G ye 6 *. 0 lieeeg ¢ : Z *¢ 
I t 9 ¢ ¢ zg t at and 
@ ° gt 2c} 
$ ve? = 8)5 
g ve a) 
Hdw 
| Q33dS ONIM 
MSM MS MSS  § ass 3S 383 4 3N3  3N 3NN ON 
NOTLIAYIO ONIM 
Q S°SSV19_ Adal 1LGVLS 
CDL/EE/Bt OL vest st) GOlyad ec © “ON Y3STIVeL 


ANVdKOO QIAISHSIN JILNVILV 


WVYSVIGQ 3S048 GNIM ALIAIavis 


Ms 


CH, eee ges 


( x t9*s 


d9e = ZAO8¥ QZLNGTYLSIQ SWIVI 4O Y3SGWAN TVLOL 


Sec CFTC CFE ROKK SOKEHOHKEGCKEKHGSHEHOKHEKREKHGKHOKET EO RHEKROFE HOKE HHKERKECHOKHHOHGHHKLHHHKLOKKEL HHO HKHGOGHTOKTHHHOKBEOKHKHEGOG 


j 


‘ety. 
yot 
tt 
L6 
a9 
St 


“Wil 


ef 


6 
S 


MNN 


' 


ia 


: 
g 


KN 


t 


] 


¢ 


MNM 


‘ot on sac een 
12 Fi oe ce 
go TD 
ee SS aes fA, 
te? 
1 
M ASM MS ASS 


ot ©2c  ee 
tol 4. 6 
i Ge 
Lee 26 

ec gt 
aes 

; 

S) ase as 


NOITLOAYTQ GNIM 


Cpd/te/ot OL vL/t /Bt)00Tk3ad 
ANVdWOD QIZSISHITY IJTLNVIALV 


4 


2 


U ; , 


fore » ot. 


i. St 


, 


v H Wwiol 
2) @ 6 v J v : ¢ Ll 


at @ 6 Z 


em 
~ 

& 
ry 


c- oo 
wv oO 
cq ot 
& 6 
& fas) 
wt ~ 


ee 
wv 
cas) 


iS 


HdwW 
Q33dS QNIM 
aS3 3 3N3  3N SNN ON 


3 * o6svi1d ALIIIevis 
~ "ON YSTIVes 


WYUNVIQ 3SOu¥ GNIW ALIIVIGVIs 


39VINIIYSad 
SZIVINAINad 
JSVLINSINAd 
SOVINADYSd 
S9VIN3I43d 


alien Ge 


BAOGV AQ3ZLNGIYXLSTIG SWIvVI 40 YaaWnN Ivlol 


Eevee eo Fe sd HFSS d boo t'HsbeKHabebK_ bodice eoHE Ha. HeLG MO KHLbLHERDKEHRGHEGOKEOCKHDGHOHKEKHEKEG OBE HEKH BH DEDHOKLEC Ho KEHUHKBKEBDHOD 


¢ 


C62v 
yt6z 
£2@ 
6ae 
a2t 
Ze 


Ivlol 


4 


Spt 
oat 


Ze 


MNN 


% vZ'6 Se Liiatreyis 4 40 
% 90°6 # aALIWIavis a 40 
CeCp te @ A ItTavis 9 40 
% vbe*pes *# ALIVIaQvVLS @ 40 
¥ o9°pe = ALIIidvis ¥ 40 
( % 28°Sbp )6961 = 
toz' ZZh ‘Zot est ‘e2p' 66at eSs' pus ‘voz Boe 
GSt- Okt “Gut Onl “suc 997 age 26% Stace ost 
¢9 oy C2 ia. 26 912 88 ey gp 9S 
tt b g 6% G2 99 68 tS St iat 
¢ @ t 6 6? 29 tp "7 
T T rd tt d 
t 
MN MNM MM MSM MS mss 6S ass 43s 3$3 
NOTLOZNIO ONIM 
Cpd/T¢C/Gt OL bL/3 /BY) GOLYSd gg = 


ANVdWOS 


WWUOVIO 3S0u GNIM 


\ a 


‘Zeb Spt ee 
Sot eat 62a 
be 64k op 
] t 

| 3N3  3N 


"On YSsiivys 


QVaIdHSTY JILNVILy 


ALI NIavis 


Loc) poe et Wwi0k 
Gye eG at ¢ i 
ONiat oat Z “¢ 
z : J ey, 
H at = 2t 
: v2 = 
: ye 
Hedin 
Q33d$ GNIM 
3NN ON 
WwiOl @ SSV19 ALINIevis 


BAI PNA Se aT 


We ra! es ee 
TAL PT Pr - ix 
i ‘ 


C-224 


i 


( % @0°@ 2 6 JAO8V GSLNGINISIO Swivd 4dO Y3SEWNN Tv¥lol 


CC CHESCSOHHKEHHOHSHEHHHETEK CHAE HOKEEE SEH OEE KEHOE HKEOHHETHOEKHKHOHHKHOKCHECKE Ke DOH OKHKEOKEKeBEEKLOODEeEe vid’ 
‘ 4 i 7. 4 ‘ H ‘ t : ‘ i « + ’ 4 Hy on Y ‘4 4 4 i ’ § 4 ' nl , ‘ i H : ) i 


MM a ay IwloL 
: H ¢ 17 
: ae =f 
$ : ot Sed 
eee! acs ct 
$ § v2 Sa} 
: H ve i3 
Kdin 
Q33dS ONIM 
‘vi0l MNN MN  KNM HK MSN MS MSS § 38S 3S 389 3  3N3 3N NN N 
NOTLI3YIG ONIM 
: 2 Ssvid ALINIavis 


CoL/to/B3 OL vd/t s/t) a0tH3d ve © "ON YDtIVUL 
ANYdWOD GQUSTSHITY JTINVILV 


WV8OVIG 3S0u¥ GNIM ALIVIGvILs 


& i Bs ROILYUNOSVOD QO 
2 : iy bal - 


a 


> i 


ae 


ah aot 


ow 
m7 


co 
wv 
MN 


i3 


HdW 
Q33dS QNIM 


BUSsvVo ALL Levis 


( % au%o 1@ = SAOSV ASLNGTIYLSIG Swivd 40 YSaWAN ‘viol 
TESS ORATECEHS RHF OS HAOHEHHEHAETA ESR OOKEHKEKE OHHH OHH ORHKEOKOKEHHKOTHKEOHKOKKEKE KE KODEKLSKEDELEKE DEES 
i ‘ ' t , ) ‘ . re 20 ’ . a ‘ ' ‘ ti ¢ Re ‘ t ' es 4 ; ‘ Ff 
O° dO Ree eee ee yg ei ee a gp 
g 
: . 
t 
: 
‘ 
wlOl NN = MN MNM M MSM MS MSS  § ass 3s asa 3 3N3 3N 3NN 
NOTLISYIO ONIM 
@ 
Cpd/te/Ot OL bd/t /@t)adTY3ad ye = SON NSTIVUL 


ANVdWOD GQISZSISHOTY IJILNV IY 


WWVYOVTIO 3sdu GNIM ALI NIavls 


& t 


/ em o 


Rae eee ee ee ee ee | 


Prete at} 0 Lies 
0° =tG a 


H 


-oe 


WiOk NN 


MN 


€ x ga%o 2 S S3AO08V AZLNGTYLSIG SWIV2 4O Y4SKNN IV¥LOL 


COO aE HEE HEH OEEE EE dKedhEGeeeEKEDECLEKEODES 
‘ : ; i 


CPSC OKGC OO EHEEHEOOEHKEEEEEODDS 
eee im bie emo yh 8 ies ieee ke tiger cel hee an Mie as RTS ei aller i AaB A. aos mee? ic ae 2 


Q @ g @ @ Q B Wiod 


bh 


ce 
WN 
“ 


gt 


49 


HdwW 
Q33dS QNIM 
MNM MSS 6S 3S$ 


NOILISYIA GNIM 


MSM MS 3S asa 


tek 


3N3 


# $Sv19 ALIA avis 
CoL/32/83 OL bZ/t /Bt)G0Iuad ¢o = SON W3TIVeL 
ANVdWOD GUSISHOIYN SOILAVIVLY 


WVYOVIO 3S0u “@ ALIVIavis 


see, 


( x oo°S@ 28 ‘S 3A08V OSLNSIYASIO SW1V9 430 Y38WAN TvloL 
SOR SHOHHEHETHHOHOHEKO HEHEHE HHKHHEOKE SH AHEHKEE HH HHRKKE KEK OHHH OHO KEOKHEE KO OKEKKEK HOHE KO KED EEO EKEOHEGaES 
i eet ‘ bee i a ‘ F t ' Bo 8 4 , 12, . , i A ‘ a $e 4 4 P 4 ‘ ‘ ’ 7 ‘ F 
IN MMe oe a ee i Re rh UE a WWiOl 
$ H ¢ 1 
i t Z 2¢ 
r ! Gee 2 
: : ce et Ser 
2 $ VC = gt 
: : ge. 19 
HdwW 
Q33dS GQNIM 
“IwlOd MNN MN MNM MM MSM MS MSS § 3S$ 438 383 3 3N3  3N 3NN N 
NOILISHIG GNIM 
Q =-SSVagd ALIALavls 


CpL/TC/O3 OL BL/E /OTIGOINad «=e = FON BATT VAL 
ANVdWOD GISI4HILY JILNWILY 


WYYSVIO 3SOu¥ ONIN ALI avis 


Ed & MOWUNOcUSD & 
, \ , “% re 


Le BO FATS nw 


\ ans ~ ~—— 


“( % 88% 18 = SAOGV G3SLINSIYLSIO Sw1¥3 4O Y3GWON “VLOL 
eee SF AS OCU OOO GOOD SUC OOOO OOS SHON NG SOADAUN RDO OOO60KO {DO ORD NALS 
: fr t ‘ ‘ i ’ Gi F * ‘ w ‘ , t ' 2 1 | . ad 9% vee e $ 4 Bee ' ; , ’ t . 
CR OO Me i W104 
: H ¢ HN 
: : Z = ¢ 
\ ’ 
H H ct me? 4 
{ 3 et * zt 
H H v2 = ot 
‘ f ve LS 
Hdy 
Q33dS GNI 
Wwi0l WNN MN MNM MM MSM MS MSS S$ 3SS 38 383 3 3JN3 43N S3NN N 
NOTAIAYIC ONIM 
3 Ses Vo Ane loaves 
CoZ/TE/G OL pZ/t /Ot)GOTead po * *ON YBNI VL 
ANVdGWOD GISI4HOIY JILNV ALY 
WVYOVIG 3Ss0y oo & 
& f NOILIUOSUCD 
Net FP. BS 84 x 


% 70° * aALIVIavis 3 40 39VIN3S943¢ 
% BuO ® ALITIQvis G 40 39VLIN3943d 
% Aa°o ® ALIVIGvis 9 40 39VIN3943d 
% 62°Q * ALI iIavis @ JO 39VLNSD43d 
% @8°@ * ALINIgvis vy 30 39vViN35943d 
€ % Bo'D 0 “ SAO8V G3SLNGIYLSiG SwIVI 4O YS3aWNN AVLOL 
Hite eet) OD) UL OUO ONO OCU GOO SOG IS OUNH OOOO ROUU GOD A GUObUMDhbObEbObn bon ohn. 
frees i Ss as th wees , .¢ OS ar Ser ‘ ; € ee belies hoe SH fe eg, Ce age a) Ma gees emg) concer 
MM a Gv ugmt 0.) -S W104 
4 $ ¢ 114 
t t £ hee 
g 3 Zt = £ 
$ : gt = ZT 
: ; t pe Se 
: | 3 p2 19 
Hd 
Q33dS GNIM 


WwiOh NN MN MNM OM MSM MS MSS § 3SS 3S Js35 4 3N3 aN 3NN ON 
NOITLIZYIO ONIM 


WiOl = Ssv¥19 ALI Ievis 
(yd/TO/OE OL w/b /Bt)001Nad be = *ON HaTIVeL 
ANVdWOD GTSL4HOIY ITLNV Ly 


ee Sy) 
on & Ca) : — MOMUEOsSD 


. — 


elf \LOD Ia AEN 


: eer “fae 


eis 2IPOLe Ets ghee eee 


RC#100-056 


AIR MONITORING REPORT 
FOR 
C-b ‘SHALE OIL PROJECT : 
NOVEMBER 1974 


Report No. 3 


& 23 January 1975 


Presented to: 

C-b Shale Oil Project 
SuLtEe 555% Two. Park. Central 
1515 Arapahoe Street 
Denver, Colorado 80202 


Attn: Mr. Max Legatski 


Prepared by: 
Radian Staff 


mi C= 250) 


8500 Shoal Creck Blvd./P.O. Box 9948/Austin, Texas 78766 /(512)454-4797 


FLAS ELAR cerrormrion 


ame 


Tit: 


VI. 


TABLE OF CONTENTS 


GENERAL DESCRIPTION OF AIR MONITORING PROGRAM.... 


DESCRIPTION OF INSTRUMENT SYSTEMS 
A. 


B. 
C. 
D 
MICROMETEOROLOGICAL AND TERRAIN FEATURES. ........ 


OPERATING TIME ANALYSIS FOR EACH SITE 


MONTHLY METEOROLOGICAL SUMMARY 
A. 


DATA PRESENTATION AND SUMMARY 
Monthly Averages 


Daily Averages 


Air Quality instrumentacioneyc.se a eee meee 
Calibrations? rocedure.oe er ae ree ae eee 
Data Acquisitton Sys Gems yi. a ocas cee eanee ee 


Meteorological Minstrumentation a. eae 


eo @ @ © @ 6 Cee el Ue 6 U6 (le 8! he 6 ee 6) 


Summary of the Major Features of the 

General Circulation over North America....... 
Summary of Meteorological Statistics in 
Western Colorado durine Novemberay.. eee 
Discussion of the Meteorological 

Conditions in the Monitoring 


Network during November 


oe ee ee ee © ew ee ee eee we 
“8 © © © © © © © © © © © ew ee ee ee ee ee ew ee ee ew 8 


oo -@ @ © © 6 © ©) © 6 « e © « @€ © \o © ‘ee @ 6 0 8 © ‘0. © @ ee ‘0 © (0 ‘6 2 


Maximum Five-Minute Averages and 


Time of Occurrence 


Maximum Independent Sliding Averages 


@) <6" 10; ce) eu 6 (07 te 4) @, (eo) *e) a. 


Functional Dependence of Recorded 


Parameters Upon Wind Direction 


Diurnal Variation of Recorded Paraneters 


@ Ww @ 6) (eis) ie) ie) ce. 0) eo 16) ‘60. 'e: © jelre oe 


Be HTS 66) 109 6 SLs 


PE G73i 


Page 


LI 


iM 
ime 


il 


Jat 
19 


I] 


Ol 


ry 


I] 


I] 


I] 


I] 


Vall 
I] 


all 
I] 


Ih 
I] 


I] 


C2252 


Caos 


G=Z254 


GeZ55 


G25" 


C756 


Gaz47 


G-S52 


C255 


GaZ50 


Gazz 


FOALES IAA CORPORATION 


1S GENERAL DESCRIPTION OF AIR MONITORING PROGRAM 
ee EEEVALNG PROGRAM 


Radian Corporation is under contract Go, C—b) Shaile 
Oil Projects to provide ambient air quality monitoring. 


Each site measures and records the concentration of particulates, 


sulfur dioxide, and hydrogen sulfide. In addition, two of the 
sites record the amounts of nitrogen oxides, total hydrocarbons, 
methane, ozone, and carbon monoxide. Selected meteorological 
parameters such as wind speed, wind direction, temperature, 

and rainfall are monitored at each station. A 200-foot meteo- 
rological tower at one of the sites provides meteorological 
information as a function of height. 
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ip wa DESCRIPTION OF INSTRUMENT SYSTEMS 


Pee) eA Quality Instrumentation 


Nitrogen oxides are measured with a Meloy Model NA520 
analyzer. This dual-channel analyzer is based on the chemilu- 
minescent principle, and continuously monitors both NO, and NO. 
A subtraction circuit in the instrument provides a continuous 
NO2 output, but is not used in Radian's system. NO» is cal- 
culated once a second by the computer by subtracting the NO 
value from the NO, value, thus avoiding any drift which might 
occur in the NO2 output of the instrument. This instrument has 
a minimum detectable sensitivity of 5 ppb (parts per billion), 


and eaelinesrity of 1%. 


Both sulfur dioxide and hydrogen sulfide are measured 
with Meloy Model SA185 sulfur analyzers. The hydrogen sulfide 
analyzer uses a Meloy Model 50-1 sulfur dioxide scrubber and the 
sulfur dioxide analyzer uses a Meloy Model H2S-1 hydrogen sulfide 
scrubber. The Model SA185 is a continuous analyzer, and utilizes 
the flame photometric principle of operation. The minimum detect- 


able sensitivity is 5 ppb, and the linearity is ae 


Ozone is measured with a Meloy Model OA350 analyzer. 
This instrument provides continuous measurement of ozone, and is 
based on the chemiluminescent principle. The minimum detectable 


Semeltivity 1s,0%5 ppb and the Pinearrey 2s"). 


Total hydrocarbons, methane, and carbon monoxide are 
monitored with a Bendix Model 8200 gas chromatograph analyzer. 
This instrument uses a plume ionization detector and has a minimum 
detectable’ Sensitivity of 5 ppb for all three components. The 
Model 8200 works on a five-minute Cycle ines, One aun Sample is 


analyzed every five minutes. 


PING e254 
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The air sample is drawn in through a glass cane and 
manifold supplied by the Ace Glass Company. The system has a 
25mm diameter, and a constant air flow through the system is 
provided by an air pump rated at 60 cfm at 0" head pressure. 
The manifold has sampling ports. to which %" teflon lines to the 
instruments are conmected. All joints in the sampling system 
are secured by O-ring compression fittings. The manifold is 
contained in a heated (100°F) chamber to prevent condensation 
of moisture. The teflon lines’ from the manifold tojtnevinstca- 


ments are insulated with 1/8'" wall thickness rubber stubing 


The trailer has four heavy duty high volume particulate 
samplers (Hi-Vols). Fiberglass filter paper is used fer coltec- 
tion of particulate samples, and each filter\is breugmestouc 
controlled humidity before weighing. Each Hi-Vol has a flow 
recorder to permit correction for changes inva flow saswene 
filter becomes loaded with particulates. Each Hi-Vol runs for 
a 24-hour period (midnight to midnight), and is turned on and off 
by the computer. The Hi-Vols were designed following guidelines 
recommended by the Environmental Protection Agency and were 


manufactured by Radian. 
B. Calibration Procedures 


Each trailer contains a Meloy Model RAD-1 calibration 
unit. This instrument provides a zero aig Supply, 1s0> Spanepas 
from an SO2 permeation tube, and NO span gas obtained by pre- 
cisely diluting bottled NO span gas. The calibration of all in- 
struments is automatically performed once a day, and is controlled 
by the computer. . Each instrument is first switched to zeno, sand 
the computer monitors the output of each channel and takes a new 
zero reading aiter a-stable zero signal has. been reaened..) ines 


zero reading is compared by the computer to the zero reading 


eos 
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obtained 24 hours before, and if a drift in excess of 10ppb has 
eceurred, an excess zero drift Iaeht for the! channel in question 

is turned) on on the System Status Panel. Next, span gas is supplied 
to each channel and the computer decides when a stable span value 
has been xeached. This value is recorded and compared to the pre- 
vious day's value. An excess span drift light on the System 

SEatus Panel is turned on 2h avdrikt sexeeeding lOppb oceurs: The 
instruments are then returned to the monitor mode, and after two 


minutes the computer resumes data taking. 


The bottled NO gas used at each site was ebtained from 
Precision Gas Products. Pre-purified grade hydrogen is used in 


the SO, analyzers. 


The -SO2 permeation tubes were manufactured by Metronics 
Association, Inc. Their output has been verified by comparison 
to the output of National Bureau of Standards tube 10-42. Both 
SA185 analyzers in each trailer are calibrated with SO2 from the 
permeation tube. This instrument responds to the number of sulfur 
atoms per molecule, thus SO2 can be used to calibrate both the 


H2S and SO» monitors 


The Model 0OA350 ozone analyzer has its own calibration 
System which provides a zero check and a span check. The ozone 
calibration system is verified by comparison to a calibrated ozone 


Enenractore Marntarlned ian kadiam s. laboratory. in Rie le. 
& y 


The Model 8200 total hydrocarbon, methane, and carbon 
monoxide analyzer is calibrated with undiluted span gas obtained 
Enom Airco sSeRare and Specialty ‘Gas Division. This span pas 
contains methane and carbon monoxide in air, the methane being 
used to calibrate both the total hydrocarbon channel and the 


mechine channel. “ihe Model 8200-uws zeroed with air from a 
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Bendix Model 8834 zero air unit. In addition the instrument is 


electronically re-zeroed at the start of every five-minute cycle. 


The Hi-Vol particulate samplers were calibrated using 


a Calibration Kit from General Metal Works. 


C. Data Aequis ition System 


The basis Of the data acquisteren system is a Data 
General NOVA 1200 minicomputer. The NOVA which has a basic cycle 
time of 1.2 psec is equipped with automatic program load and power 
fail automatic pestare Leatunes sine computer utilizes ROK L6= bat 
words of core memory. Analog-to-digital conversion is accomplished 
via an ADC built by Radian Corporation. The input/output unit for 
the system is ‘Texas Instrument's KSR 733 keyboard/printer. This 
model teletype provides keyboard entry and hard copy printed out- 
put. The data are also recorded on a cassette magnetic tape unit 
with three drives. The cassette unit is utilized for program 
storage and loading as well as recording.) The power to the tele- 
type and cassette units is turned on only when the unites Sacmec 
be used to reduce wear on mechanical parts. Several important 
functions in the instruments as well as in the computer and the 
trailer are monitored by means of lights on a System Status Panel. 
These data lights are written onto cassette tape to monitor the 
complete status of the system every five minutes. The Data 
Acquisition System also monitors the presence of 110V power from 
the power lines. In its absence, the computer, which is powered 
by batteries, switches all trailer systems to battery-provided 
power. If the line voltage is restored before the batteries are 
discharged to a specified lével, the trailer system is switched 


back to line power. 
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D. Meteorological Instrumentation 


1. Ambient Air Monitoring Trailers 


PHoumvoL the ambient air monitoring trailers are equipped 
with the following meteorological instrumentation: (1) dry bulb 
Eenperatune (outside), (2) snelarive, humidity, (©), wind direction, 
(4) wind speed, and (5) a tipping bucket, heated rain/snow gage. 
The temperature probe and relative humidity sensor are mounted in- 
Side a motor aspirated radiation shield, the Model 186 Aspirated 
Radiation Shield by Weather Measure, which gives an aspiration of 
approximately 100 cfm. The wind instrumentation and temperature 
and relative humidity apparatus (in the aspirated radiation shield) 
are all mounted atop a 33-foot crank-up meteorological tower (the 


WM-33, by Weather Measure) at each of the four trailer sites. 


The wind instrumentation at the monitoring trailers 
consists of the Model W103/3L Lightweight Cup Anemometer by 
Weather Measure and the Model W104-2 Lightweight Vane by Weather 
Measure. The anemometer is a high response, low threshold wind 
system which offers the optimum in versatility and economy. For 
low threshold applications, a unique frictionless tachometer 
employing a high frequency oscillator and receiver is used to 
measure precisely wind speed. The oscillator, transmitter, and 
receiver are encapsulated in a small cube of epoxy for total 
protection against the environment. The high frequency tachometer 
embodies several distinct advantages over the commonly used light 
ehnopper systemsy There arejmo light bulbs or photocells to, burn 
OUE- | pewcr consumption 2S Lows and the system 1s insensitive to 
NOtseUe TCONGeIsat Lon OLmdustedeposttion.) The solid state tachometer 
Powesscielally freestcom Maintenamce.wiLth a)life of welll over five 
years when operated continuously. ~The specifications of the W103 


Cup Anemometer are as follows: 
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Accuracy: |) 2.1% ox 415. mph, awhachever 


is greater. 


Bearings: Sealed and shielded precision 


stainless steel: 
Threshold: “0.6 miles per hour 
Distance Constant: 5 feet 
The wind vane, the W104-2, is equipped with a 1000 ohm 
low torque potentiometer and two wipers for 0° to 540° operations. 
The response characteristics of this vane are: 
Dead Band: 0O degrees 
Damping Ratio: 0.4 
Distance Constant: 3.5 feet 
Threshold: ~O275 miles per, hour 
Potentiometer Linearity: 0.57 
The thermistor probe used in the motor aspirated radia- 
tion shields is the Model T621-TP18X Air Temperature Premium 
Thermistor Probe by Weather Measure. This probe has a range of 
-50°C to +50°C and an interchangeability of + 0.055°C. The out- 
put signal accuracy is + 0.3°F. 
The relative humidity sensor is the Model 2013 Remote 


Reading Relative Humidity System by Texas Electronies. ~The Sensex 


assembly contains a newly-developed hygroscopic inorganic sensing 


I GeZs9 
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element. Its expansion and contraction positions the suspended 
core of a linear variable differential transformer CLYDE) eeThe 
absence of friction inducing linkages and wiping contacts minimizes 
hysteresis and improves Sea ey ae he LVDT output signal, when 
Processed, is directly Proportional to relative humidity. The 
specifications of this instrument are as follows: 


Range of Indication: 0% to 100% RH 


Response: The sensor FEeSponse time to 

a step change of 10% in relative humidity 
ES) ess than 2 minutes with the sensor 
exposed to moving air. 


Accuracy: 5% - 15% RH; 5% RH 
15% = 9579RH: 2 9% Ry 
95% -L007 RH: + 3%° RE 


+ I+ 


+ 


Signal Output: Analog signal of -150 mv. 
EO .+EDO mv. with electrical zero at 50% 


RH as standard. 


Each:of the four monitoring trailers is equipped with 
a Model P511-E Remote Recording Heated Snow Gage by Weather 
Measure. In the case of this gage, the durability and felvapi lacy 
of a tipping bucket Cageware combined with heavy-duty electric 
heaters to make this an all-purpose precipitation sensor. ines 
Bage may be used to measure snowfall and carnal iy An insulating 
cover of poly-vinyl chloride and a thermostatic control insure 
the proper gage temperature. The thermostatic control is adjus- 
Eabtes trom 0 to /35)C. Snow falling into the inlet funnel is 


melted. The resulting water (from rain or snow) drains into a 
precision tipping bucket mechanism which activates a mercury 
Switch each time the bucket fills and tips. The page is constructed 
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@ of durable corrosion-resistant materials to provide many years of 


service. The specifications of this gage are as follows: 
Orifice: 8 inehes 
+ \Caltbwationss,, 0.0% sineh 
Accuracy: 0.5% (Calibrated ‘at.02 5. ami/ tae 
- Sensor: Chrome plated tipping buckets 
Switch: Mercury, 0.1 seconds closure 


- Heat Control: Thermostat adjustment, 


0 to 35°C. 
& 2. 200-Foot Meteorological, Tower 
The tower has instrumentation at feur Levelis cu rece 


30 feet, 100 feet, and 200 feet. At all four levels, there are: 
wind speed, wind direction, and temperature and relative humidity 
sensors in a power aspirated radiation shield. Temperature dif- 
ference thermistors (also in power aspirated radiation shields) 
and their associated circuitry take lapse rate measurements for 
the 30-foot to 100-foot layer and’ the 30-foot to 200=foot Payer. 
In addition, this site has a Precision Spectral Pyranometer, a 


barometer, and a tipping bucket rain/snow page. 


The wind direction and speed apparatus used at each 
measurement level of the tower is the Model 1074-2 wind sensor 
by Meteorological Research, Inc. (MRI). This sensor has a 540° 
potentiometer! for wind directiom and a light, chopper form wand 


@ speed. This sensor is rugged, with an all-weather coaxvalcupeana 
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damped vane assembly. The prototype model has been in operation 
for years under the most demanding weather conditions, performing 
ConEmnuously with the wtmostwrelaability: All of the wind sensors 
on the tower have been specially treated with a black paint which 
will promote warming of the exposed surfaces of the sensor and 
thereby reduce ice and snow accumulations on the moving parts of 
the apparatus. The specifications on the Model 1074-2 are as 


follows: 
Stastang Threshold: i0:75 mph 
Response Distance: 18 feet (63% recovery) 
Flow Coefficient: 7.9 feet/Revolution 


Aceunacy = = 0 .4inpmor- 2, Ghichever 


is greatcr) 
* Range: 0-100 mph 
Wind Direction 
Staztine threshold: 0.75: mph 
Delay Distance: 4 feet (507 recovery) 
Dampane Ratvo) O25 to 076 


Accuracy (540  eystem). + +917, 


0 
Range: 0° to 540 


Be ili AA corrorarion 


The relative humidity and temperature sensors are mounted 
within a power aspirated radiation shield at each tower level. 
All aspirators and sensors are of the Model 840 Series by MRI. 
The aspirated shielded housing is designed to provide maximum 
radiation protection to the sensor. Ambient air is drawn into 
the shield and across the sensors atvapproximabel yl feet per 
second. This intake air is essentially sampled from a hemispherical 
space which is approximately 3-inch radius from the tube opening. 
Speed of the incoming air at the periphery of this hemisphere is 


approximately 1 mph. 


The temperature sensor is comprised of a dual’ themmirstoz 
and resistor network. This circuit provides a linear resistance 
change with an air temperature change. The relative humidity 
sensor is placed alongside the temperature elements inside the 
shield where it is exposed to a constant flow of air. Cireumlalvon 
to both sides of the sensing element produces accurate monitoring 
with a good response time. The specifications on the sensing ele- 


ments are as follows: 
Temperature 
Accuracy: O25 aC 
- Range: =50°Getor 50 © 
Humidity 
« Neeunicy 7 2 Oa 
Range: “OO, te, L007. Relative Humidity 


Measurements of temperature difference are taken for two 


layers, the 30-foot to 100-foot layer and the 30 -foot to Z00>ioor 
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Payer. | Ihe thermistors and circuitry used for these measurements 
are separate from the thermistors measuring air temperature. The 
lis¢G OL iceparate themumiystoms and tcircuitry to measure AT allows 

for much greater accuracy and resolution in the measurements, which 
‘is necessary for stability assessments. Two AT thermistors are at 
the 30-foot Level, one aeat the 100-foot leveiu and one ws jae the 
Z00-foot level. All of these AT thermistors are mounted within 
power acpurated radiatvonwsnrelds, Ihe specifications ‘on the AT 


ine tcumenecatLonm are as. folliows:. 


ACCUracy: = Cale 


~ sRange of AD yCircunt 
(Lower Level-Upper Level): +4°F to -8°F 


All instrumentation, except at the ground level, is 
mounted at the end of 12-foot retractable booms. These boons are 
S-anchepOssbeans whLehmane on woOllers and can be retracted to the 


instrument platforms for instrument maintenance. 


The meteorological tower itself is a 200-foot Rohn 
Model 80 Guyed Tower, designed for 40 pounds per square foot wind 
load with 4" of radial ice per EIA Standard RS-222-B, to support 
four levels of meteorological equipment. The material consists 
of tower sections with a tapered base, three retractable booms 
12-feet long, three outside work platforms, an inside ladder for 
Glinbing. twowbase ground kits and one anchom pround kit. The 
cable-type Safety Climbing Device consists of a cable and attach- 
ment. mechanvsms with a locking sleeve and safety belt. The tower 


Pouleeneed and paimcecd) accordang sto FAA specifications. 


tbe sipnals from time tower anstrumentation are fed. from 


. . . . on was pee! PS 
Nubeuplemsaonal cables: intoweransmictess mounted at the base of 
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® the tower. After signals have been converted to analog signals, 
they are fed into a junction box, also at the tower base, where 
they are assimilated into one coaxial cable. The signals are then 
run underground within 3" PVC conduit to the A-to-D assembly, where 
they are processed. The transmitters are shrelded and iansulaced 
fiom the clements. The signal cable is run underground in PVC 
conduit in order to minimize damage from the weather or various 


rodenés in the -reevon. 


The auxiliary equipment at the tower Site comsistsuorsea 
heated tipping bucket rain/snow gage, an analog barometer, and a 
Precision Spectral Pyranometer. The rain/snow gage is the Model 
POLI-E unit. by Weather Measure, with characteristics yandyspeemer— 
cations as described in Section 1. The barometer sis the 8242 
Analog Output Barometer by Weather Measure. This barometer provides 
an output voltage that is linearly proportional to pressume wine 

& specifications on this instrument, whieh Ws mounteduamsadertme 


monitoring trailer at the site, are as follows: 


- Range: Specially desipned for the 100 
millibar interval from 725 millibars to 


625. millibars. 
Resolution: Imfinate : > 


~ Linearity: +4 0). 5. miblibas, overwehe 0G 


MullLubaice interval: 


The. pyranometer atthe site as the’ Eppley "Psecisuon 
spectral, Pyranometer. This instrument is wsed for thesmeasure— 
ment cf sun and sky radiation totally or in defined wavelength 
bands. The pyranometer is levelled and mounted atop a wooden 


® stand 4% feet from the ground surface!’ Came ohas beens taken te 
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eliminate the effects from all outside influences, such as 
reflection or shadows, on the pyranometer. The instrument 


characteristics are as follows: 
Sensitivity: 5 mv.) per cal/cm*/min 
: “Independence: ~300 ohms 


Tempesature dependences Sensitavity constant 
to within + 1 percent over the ambient tem- 


perature range from -20 to +40°C 


Linearity: Response linear up to intensities 
of 4 cal/cm’?/min 


ord 


Response Time: 1 second (i/e signal) 


All instrumentation is factory calibrated and is field- 
calibrated at various intervals. Sling psychrometers are used to 
calibrate the humidity sensors, known temperatures and/or resistances 
are used to calibrate the thermistors, and an rpm calibrating 
“nite is -wsed to calibrate the anemometers. The wind direction 
IMstrumMentattou 1s aligned) to true north (reference direction) 


.by means of a surveyor's transit. 
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1 gl) MICROMETEOROLOGICAL AND TERRAIN FEATURES 


The Piceance Creek Valley and C-b Oil Shale Tract 
are situated such that many microscale meteorological pheno- 
mena affect the region where the ambient air monitoring units 
are located. In particular, the three units in the Rieceance 
Creek Valley (Trailers 020, 021, and 022) are heavily influenced 
by a katabatic-anabatic flow regime. Trailer 023 and its ; 
associated 200-foot meteorological tower are located atop a 
plateau to the south of the valley, high enough to be affected 
mostly by gradient flow conditions. Trailer 024, located half- 
way between the valley and the meteorological tower, is affected 


by a mixture of the gradient and mountain-valley flow regimes. 


Elevations in the monitoring network range from about 
6200 feet above sea level at Trailer 021, near the Rock Creek 
School in the valley at the westernmost end of the monitoring 
network, to 6940 feet at the meteorological tower site (Trailer 
023) atop the plateau within the Tract C-b itself. The largest 
gradients in elevation.in this area, of ycourse, Gccuneacmene 
Piceance Creek Valley walls. However, the northern valley walls 
are slightly steeper than those at the southern boundary of 
the valley, which then slopes upward gradually toward the C-b 
Tract. The Piceance Creek Valley decreases in elevation from 
east to west in this area, so that nighttime katabatic cold= 
air drainage flows advect fromueast, to west) omy trom Prauven 022 
to Trailers 020. .to, dialer aG2i, 


As mentioned at the outset of this discussion, the 
terrain will have a large influence on the meteorology of this 
region. Considering” first. Trad ler 7022, at theveasiterm end von 
the monitoring network, a nighttime katabatic (valley or down- 


slope) flow will exert a tremendous influence on ‘this ‘sree. 
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Of the three monitoring locations in the Piceance Creek Valley, 
Eniswsite has the steepest walley walls in its vicinity. As a 
result, the nighttime katabatic flow is Stuoneest Inere.. That is, 
the downslope winds are constrained or channelled at this point 
such that the nighttime drainage winds often reach 15 miles per 
hour. In: addition, ‘the channelling effects of the Piceance Creek 
Valley walls normally cause surface winds to flow from one of 
two preferred directions. At night, the downslope winds 
parallel the valley contours, generally coming from 115° (east- 
southeast, referenced to true north). During the afternoon, 

or whenever suitable pressure gradient conditions exist, the 
winds generally come from the west-northwest because of the 
boundary conditions and channelling caused by the valley. This 
monitoring location has an elevation of approximately 6450 feet 
above sea level and is at the mouth of Oldland Gulch. 


Trailer 020, midway down the Piceance Creek Valley 
near the Redd Ranch, at the mouth of Gardenhire Gulch, has an 
elevation of about 6320 feet above sea level. Once again, the 
valley walls are steeper to the north of this monitoring loca- 
tion. The Piceance Creek Valley widens a little from Trailer 
O22 eGov lrailen 020>. iso that channelling effieets are not quite 
as great at this location. Nevertheless, a well-developed 
katabatic-anabatic flow cycle affects this site, with the after- 
noon anabatic flow being fairly well-developed at this location. 
The channelling effects of the valley walls cause two preferred 
surface wind directions, southeast and northwest. However, 
other wind directicns are experienced here, particularly during 

the transition periods between downslope and upslope flows and 
during periods when the surface pressure gradient dictates to 


a large degree the surface wind direction. 
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Trailer 021, located near the Rock Creek iSchool, vhas 
the lowest elevation of the three valley trailers, 6200 feet. 
At this point, the Piceance Creek Valley widens considerably 
toward the east, so that nighttime katabatic winds are rather 
light. Daytime anabatic winds are also rather light. However, 
northwesterly surface winds caused by pressure gradient forces 
are occasionally moderate in force because of the slight channel- 
ling effects of the valley walls to the north and northwest. 


Site 023, where the 200-foot meteorological tower is 
located, is atop the plateau at an elevation of about 6940 feet 
above sea level. It is approximately 2.5 miles south of the 
Piceance Creek Valley. This location is relatively high compared 
to its surroundings, with the nearest points having elevations 
greater than /000 feet being .5 miles to the south of the tower. 
The tower itself is on the top of a small knoll Vocateds between 
Scandard and Sorghum Gulches. Because of its location and the 
irregularities of the surrounding terrain, meteorological patterns 


are Vatled here. 


Wind instrumentation is mounted at four levels of 
the meteorological tower: 8 feet, 30 feet, 100mtect, “and 200 
feet. The top level of the tower generally remains in gradient 
wind flow. That is, the winds at that level are normally 
generated by synoptic-scale features and are usually separated 
from terrain features and micrometeorological circulations. 
Occasionally, a weak anabatic flow influence is experienced. 
However, such is not the case with the three lowest measurement 
levels. To varying degrees, these levels are influenced by 
both the katabatic and anabatic circulation cells. However, when 
strong pressure gradient forces exist in the region and the 
Synoptic~scale windsilow is strong, all. four tower level wa 
reflect a gradient wind flow, with the winds imereasing in 


strength with increasing height. 


Linea2a9 


RADIALLY corrcorarion 


Trailer 024 is between the Piceance Creek Valley and 
the meteorological tower location, about 1 mile south of the 
valley itself. The elevation of this site is approximately 6740 
feet. The terrain slopes downward to the west, north, and east, 
and 'slopes upward toward: the south, in ‘the direction of the 
meteorological tower. This site is in a transition zone between 
the micrometeorological effects which prevail in the valley and 
those meteorological phenomena affecting the tower site. As a 
result, the meteorological parameters measured at this location 
are jsubject ‘to rather rapid variations. The aréa is generally 
affected by a weak katabatic (downslope) flow at night and a 
weak anabatic (upslope) flow during the afternoon hours. However, 
gradient wind flows generally take precedence over terrain- 


induced flows at this location. 


The terrain atop the plateau is generally barren and 
fairly rugged, with a few scattered small trees. The topsoil 
dries rapidly and is very fine, resulting in blowing dust when 
diya wandy conditions exist. “in the Piceance Creek Valley, 
the terrain is fairly grassy and flat, with steep valley walls 
on either side. Surface winds are normally rather light in this 


Valley unless channelling effects occur. 


During clear nights with rather light pressure gradient- 
induced winds.) rapid radiational cooling will occur in the, region 
because of the barren nature of the terrain and the generally 
dry character of the air in this portion of the country. As a 
result, the diurnal range of temperatures will be extremely 
large. Because of the katabatic flow in the valley, nighttime 
temperatures will generally be lower in the valley than on the 
plateau. During the winter, especially, temperatures in the 
valley may be 20°F lower than they are on the plateau during 
the early morning hours. In particular, the drainage effects 


wild) be spectacular at) Trailer 021) which will often experience 
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temperatures 10°F cooler than those at the other valley monitoring 
locations during the early morning hours. This phenomenon results 
from the pooling of cold air in the area of Trailer 021 because 

of its relatively low elevation and the light nature of the winds 
here during the night, which thus inhibits surface mixing and 
promotes the strengthening of the nighttime ground-based inver- 
sion. During periods of strong gradient winds and/or cloudy 
skies, greater mixing of the air near the surface occurs and 
meteorological conditions (particularly temperature and humidity) 
are more uniform throughout the monitoring network (on the . 


plateau and in the valley). 
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LV" OPERATING TIME ANALYSIS FOR EACH SITE 


This Section presents the operating, statistics for 
each of the major subsystems contained in each monitored station. 
Table II shows the specific number of hours that each of these 
subsystems was inoperative for the month. The column labeled 
"COMPUTER" indicates the entire data acquisition system and 
downtime hours appearing in this column and, therefore, means 
total loss of data. These instances include in addition, to 
computer downtime, power failures, no power available, and 
self-automated shutdown periods such as during air conditioner 


maLEunctLons. 


Calibration time is not considered to be downtime and 
is, therefore, not included in the downtime figures. The amount 
Of tEimerused in calibrating the instruments is given at the 
bottom of the downtime analysis table and is reported as total 
Calabration hours forveach channel for the entire month. As is 
evident in the calibration figures, channels can be calibrated 
independently of one another. No calibration time is given for 
particulate monitoring since Hi-Vol calibration occurs infre- 
quently and only during the off-duty cycle for each Hi-Vol 


while another Hi-Vol is taking data. 
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Ve MONTHLY METEOROLOGICAL SUMMARY 


A. Summary of the Major Features of the 


General Circulation over North America 
ee ee ee eT CN (OV EE NO BEM amleaalea 


During the month of November, the general circulation 
over the United States was fairly normal. That is, in general, 
the various sections of the country did not experience prolonged 
periods of abnormally extreme cold or heat. In addition, most 
sections of the nation did not deviate appreciably from monthly © 
precipitation norms. The long wave circulation in the upper 
atmosphere generally alternated between periods of zonal and 
meridional flow during the month. Split flow dominated the 
upper flow from November lst through November 6th. Otherwise, 
meridional or zonal flow regimes prevailed. Zonal EL, Or 
west-to-east flow which promotes rapid variations of a rather 
weak nature in the meteorological conditions in a region, 
occurred in the United States from November 7th through the 
9th, the 16th through the 23rd, and on November 30th. Meri- 
dional flow, or north-south flow which causes rather extreme 
meteorological conditions (hot or cold, depending on relative 
location in the circulation pattern) of a rather persistent 
nature, existed from November 19th through the 15th and from 
November 24th through the 29th. 


The results of these circulation patterns over the 
various sections of the country during November were fairly 
uniform. In general, much of the nation had temperatures which 
were above normal for the month and monthly precipitation 
totals which were also slightly above normal. SpeCLiical Ly. 
the north central portion of the country, including the upper 
Midwest and Ohio Valley, had temperatures and monthly precipi- 
tation totals which were slightly above normal. The North- 
east had near normal temperatures but below normal PrECipl ta— 


tion. The Atlantic seaboard region had temperatures and 
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precipitation totals which were slightly above normal for the 
month, while the South had near normal temperatures and slight- 
ly above normal precipitation. The Gentral portion of the 
United States had above normal temperatures and slightly above 
normal precipitation during the month. Meanwhile, the Rocky 
Mountain region and Intermountain Region had slightly below 
normal temperatures and precipitation totals which were slightly 
above normal. The Southwest also had temperatures which averaged 
slightly below normal, but had above average PEeCI pi tatwon’. 
Finally, the West and Pacific coast areas had temperatures 

which were much higher than monthly normals and precipitation 


totals which were above normal. 


No extremely cold Arctic air masses advected south of 
the Canadian border during the month. The mean position of 
the long wave trough over North America was through the west 
central United States during November, while a weak mean ridge 
was situated on a north-south line through the eastern portion 
of the nation. 


November began with a broad upper troughing pattern 
over the western United States, with ridging over the Atlantic 
seaboard. The split flow conditions caused one large upper 
low pressure area over northeastern Wyoming and another over 
PortheruCalitornia, “A stationary front extended from the 
Great Lakes to southern Texas and a cold front extended south- 
ward from a surface low over eastern Nevada. Precipitation 
was scattered throughout the western half of the nation and also 
along the stationary front from Texas to Indiana. Skies were 
overcast in western Colorado in the Vieinity of | teaet C-b on 
the lst and rain and snow showers were widespread throughout 


the vared. 
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November 2nd was much the same, The upper low in 
Wyoming moved northeastward to the North Dakota-Canada border 
and the upper low in the Southwest strengthened slightly and moved 
southward to southern California. A surface high pressure region 
began to build (anticyclogenesis) over the western portion lof 
the nation. The stationary front through Texas moved northward 
as a warm front to a position along the Red River Valley, while 
the low over Nevada moved to southern Arizona. Precipitation 
was widespread across the western three-fourths of the nation. 
Cloudiness decreased somewhat in western Colorado, but scattered 


rainshowers still persisted in the region. 


On November 3rd, the upper low in the Southwest 
moved to northwestern Arizona and filled slightly. Meanwhile, 
an upper ridge began to build into the Pacific Northwest. 
A stationary front extended from the Great Lakes to southwestern 
Texas. Precipitation, much of it heavy, covered the entire 
midsection of the country. High pressure continued to build 
into the western portion of the nation. Colder air advected 
into western Colorado, with rain, snow, and fog persisting 
throughout the area of the Tract C-b during the day. 


The split flow regime continued on November 4th, 
as the upper ridge in the Northwest continued to strengthen. 
Weak upper lows were centered over western Kansas and western 
Utah. A cold front extended from New York to a low over 
Arkansas and then southwestward to southern Texas. Precipitation 
was heavy in a broad band from southern Texas northeastward to 
the Great Lakes, with many precipitation totals exceeding one 
inch. Western Colorado continued under a moderate high pressure 
regime at the surface, although a very weak surface low was 
centered over southeastern Utah. Middle cloudiness and a few 
light showers were scattered throughout the area of the Tract 
C-b. 
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The split flow pattern began to break somewhat by 
November 5th. A strong upper low was centered over Iowa and 
a very weak upper low was over southwestern Utah. An upper 
ridge extended from Oregon to Montana. A strong long wave 
trough began to deepen at about 150°W longitude. At the sur- 
face, a weak cold front extended southward from a low pressure 
center over the Great Lakes to Alabama and then into the Gulf 
of Mexico. An occluded front made its way onto the Washing- 
ton coast. Precipitation was confined to the eastern third 
of the nation and to the Pacific Northwest. Weak high pressure 
at the surface covered the eastern two-thirds of the country. 
Skies cleared in western Colorado with only a few scattered 
made "elouds dotting thei sky: 


November 6th marked the end of the split flow regime 
over the western portion of the United States as zonal flow 
began to establish itself. Upper lows were centered over 
Illinois and the Arizona-Utah border, while an upper ridge 
extended from Nebraska to Minnesota. Precipitation occurred 
im hexas, alone the Cult Coast, infithe Northeast, and in the 
Pacific Northwest. On the surface, the cold front moved off 
the Atlantac coast, while: the occlusion in the Northwest re- 
mained essentially stationary. A weak surface high centered 
imekansas dominatea the e¢ixculation throughout the nation: 
Generally fair weather prevailed in western Golorado.” with 
some scattered middle cloudiness in the area during the 


morning. 


A zonal circulation prevailed on November 7th, with 
a strong upper low in the East and a weak upper cyclonic 
circulation centered in southern Colorado. A weak upper ridge 
extended northward from Mississippi to Wisconsin. A short 


wave moved onto the Pacific coast. A large weak anticyclone 
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was over eastern Missouri at the surface. A maritime polar 
cold front extended through Washington and a weak continental 
polar front dropped southward into Montana. Precipitation 
was widespread in the Pacific Northwest, Texas and its ad- 
joining states, and in the Great Lakes region. Skies were 
clear in western Colorado, with a very small high pressure 


cell centered over central Colorado. 


By November 8th, an upper level short wave had 
advanced rapidly eastward to an Idaho-southern California 
line. Upper lows were located over Missouri and off the 
Atlantic seaboard. A cold front extended southward from a 
low in Alberta, Canada, to Nevada. Precipitation was widespread 
throughout the Gulf coast states, Texas, and the Intermoun- 
tain Region. The cold front passed through the Tract C-b 
region around noon. Cloudiness increased during the day 
and a steady rain began to fall during the evening. 


The short wave moved eastward and dug southward 
on November 9th as the upper circulation began to exhibit 
some meridional flow characteristics. An upper ridge extended 
from southeast Texas to an upper high over the Great Lakes, 
while the upper trough was located on a Montana-Arizona axis. 
A cold front extended through the northern Plains states and 
another weak maritime polar cold front came onshore in Wash- 
ington. Weak high pressure dominated the eastern half of the 
nation. Precipitation occurred in Florida, the PacitireWoren— 
west, and over a large section of the nation's midsection 
extending from Texas to Minnesota and from eastern Utah to 
Missouri. Cloudiness covered western Colorado during most of 


the 9th and Jipht rain fell during the morning hours: 


The upper flow became meridional by November 10th, 


as the long wave trough dug southward along a Montana-west 
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Texas axis. Long wave ridges were located along the Pacific 
and Atlantic coasts of the United States. The cold front 
continued its eastern advance through the Midwest, extending 
along a Minnesota-Central Texas line during the morning. 

The cold front in the Northwest began to undergo frontolysis 
(decay) because of decreasing upper level support. A warm 
front moved northward from the Gulf of Mexico into south- 
Castern Texas, Precipitatronjwas scattered through the 
Pacific Northwest and the Intermountain Region. Precipitation 
was also concentrated along the cold front in a broad band 
from Texas to the western Great Lakes. In western Colorado, 
skies were overcast during the morning and some snow flurries 
occurred, but skies began to break by the afternoon as high 


Pressure, DuLIt into the area. 


The meridional pattern amplified on the llth, with 
a major trough through the center of the United States and 
strong upper ridges in the West and East. A strong cold front 
extended southward from a low over the western Great Lakes 
region through the Mississippi Valley to a low in southern 
Alabama, from which a cold £ront extended southward into the 
Gulf of Mexico. Precipitation extended northward along this 
front in a rather wide band. A large high pressure cell dominated 
the western half of the nation, bringing clear skies and light 
winds. Western Colorado likewise had clear skies and mild 


temperatures on this day. 


This meridional pattern changed little on November 


12th. The long wave trough and western ridge retained their 


amplitude and moved eastward slowly. High pressure continued 


to dominate the western two-thirds of the country and precipi- 


tation was confined to the Atlantic seaboard, Great Lakes, 
and Ohio Valley regions. 


to dig southeastward throu 
. a oe | . 
ne a Strong continental polar outbreak. 


However, a strong short wave began 


eh the upper ridge im British 


Columbia, portendi 
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Skies were generally fair (high cloudiness) and temperatures 


were mild in the Tract C-b region. 


The meridional long wave pattern amplified on the 
13th as the short wave dug southeastward swiftly on the up- 
stream side of the trough. Cold continental polar air streamed 
southward down the lee side of the Rockies behind a cold front 
extending from a low in Kansas to Colorado and then northwest- 
ward to Washington. Precipitaion covered the northern 
portions of the country.” The cold front passed througherne 
Tract C-b region during the afternoon, lowering temperatures 


slightly. Skies remained fair. 


The meridional pattern continued on November 14th, 
although the amplitude of the circulation was somewhat reduced. 
An upper ridge dominated the West while a major trough covered 
the eastern half of the nation with cloudiness and precipita- 
tion. The continental polar cold front continued its south- 
ward march, pushing into the Atlantic Ocean and Gulf of 
Mexico by nightfall. A weak maritime polar cold front moved 
into the Pacific Northwest. The moderate continental polar 
cold front retreated eastward out of the Tract C-b region 
during the day. Broken middle and high cloudiness advected 
over the area throughout the day. Temperatures were mild. 


The meridional circulation pattern of the five 
preceding days began a transformation into a zonal flow 
on the, 15th, as the ridge in the Wes@ flattened and the 
eastern trough began to lose amplitude. A weak cool front 
extended westward from a small low pressure center in Wyoming. 
High pressure covered most of the nation. Precipitation was 
confined to the Northeast.’ Middle and high cloudiness covered 


western Colorado as mild temperatures continued in that region. 
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Zonal flow re-established itself over the United States on 
November 16th. A short wave, located on a Minnesota-New 
Mexico axis during the morning, moved through the center of 
the nation, causing widespread precipitation throughout the 
western half of the country. High pressure and light winds 
Covered Most Of the country 9 Mild fair weather prevailed in 
theivicinity of Tract C=b. 


Zonal flow continued on the 17th as numerous short 
waves progressed eastward across the country. Short waves 
were located in the Ohio Valley (a rather strong system), 
Texas, the northern Plains, and the Northwest. A weak con- 
tinental polar cold front was in the northern Plains and a 
maritime polar cold front moved eastward onto the Washington 
coast on this day. Precipitation covered the eastern third 
of the nation as well as the Pacific Northwest. 


The short waves continued their eastward progression 
on the 18th. The strongest of these waves was located in the 
Northwest. The weak continental polar cold front in the north- 
ern Plains remained fairly stationary, while the maritime polar 
cold front progressed eastward to a Montana-central California 
line. Precipitation was scattered through all areas of the 
country except the Southwest. Cloudiness increased throughout 
the day in western Colorado. The maritime polar cold front 
passed through the Tract C-b during the evening, bringing 
scattered showers and a few thundershowers to the region. 


The upper flow became a bit more organized on the 
19th, with a long wave trough through the center of the United 
States and minor ridges along the West and East coasts. 

The maritime polar cold front extended southward from Minnesota 


to Kansas and then curved into the Texas Panhandle and New 
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Mexico. High pressure began to build in the West behind the 
front. Precipitation occurred throughout the eastern half 
of the nation, in the Northwest, and in the Intermountain 
Region. After some snow pellets during the early morning 

in western Colorado, skies cleared gradually during the day, 


becoming virtually clear during the evening. 


The short wave trough moved eastward to a Minnesota- 
Louisiana axis by November 20th as an upper ridge built 
northward over the Intermountain Region. On the surface, 
a cold front extended southward from a low over the Great 
Lakes region to Louisiana and then to the southern tip of 
Texas. A high pressure system, centered in western Colorado, 
affected the western half of the United States with its 
circulation. Precipitation amounts were large throughout 
the eastern third of the country. The Pacific Northwest also 
had precipitation. Skies were fair in western Colorado, but 


temperatures were rather cool. 


The short wave troughs and ridges continued their 
eastward progression and by the 2lst, short wave troughs were 
located off the Atlantic and Pacific coasts while a ridge 
extended northward from Texas to North Dakota. A cold front 
and low pressure system were located just off the coast of 
northern California. Precipitation uwas, confined) to, tue 
Northeast and the West. High pressure dominated most of 
the nation. The Tract C-b region had mostly fair skies on 
the 2lst, with some scattered to broken middle and high 


cloudiness over Ehewared: 


The zonal upper flow pattern continued its eastward 
progression on the 22nd, as the Pacific short wave system 
advanced inland to an Idaho-southern California axis. The 


maritime polar cold front-associated with this short wave 
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extended from southeastern Montana to southern California by 
the morning of the 22nd. Another cold front, a continental 
polar front, dipped into Montana and North Dakota from Canada. 
Precipitation covered the western third of the nation and the 
Northeast. Cloudiness increased throughout the day in western 
Colorado and the cold front passed the Tract C-b region late 
in the afternoon. A few scattered showers fell during the 


evening. 


The upper flow began to change from zonal to meri- 
dional characteristics on the 23rd. A strong short wave 
trough dug southward over the Intermountain Region on this 
day while upper ridges built northward over the eastern and 
western portions of the nation. On the surface, a maritime 
polar front extended southward into Texas from a low in Kansas. 
In addition, a relatively strong continental polar cold front 
rushed southward through the central Plains states. High 
pressure dominated the East and the West. Precipitation 
fell in the Pacific Northwest, the Rockies, and throughout 
the central portion of the nation. Some snow and rain fell 
during the early morning in western Colorado, but skies cleared 
during the late morning hours and remained clear for the rest 
of the 23rd: 


The upper circulation became meridional on the 24th 
as the troughs and ridges amplified rapidly. Long wave ridges 
were located along the Atlantic coast and in the western 
United States while long wave troughs dug southward through 
the central United States and near 140°W longitude. The mari- 
time and continental polar cold fronts of the 23rd merged into 
one cold front which extended from the Great Lakes to southern 
Texas. A weak high pressure system dominated the western 
half of the country. Precipitation on this day was confined 
torthe Pacific Northwest and along the length of the cold front. 
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Western Colorado enjoyed fair skies and cool temperatures be- 
cause of the high pressure system centered in northwestern 


Colorado. 


Meteorological systems moved rapidly on November 25th, 
as the long wave trough through the central United States 
moved eastward, as did the upstream ridge and trough. As a 
result, a strong short wave pushed eastward to a position from 
Washington to southern California by the morning, of ‘thes 25th. 
The surface maritime polar cold front accompanying this short 
wave extended from Idaho to central California at this time 
and was moving eastward rapidly. High pressure dominated the 
central portion of the United States as precipitation was 
confined to the Atlantic seaboard, the Northwest, and the 
Pacific Northwest. Western Colorado remained fair throughout 
the day, with some high cloudiness advecting over the area 
during the morning. Skies were clear during the remainder 
of the day. The maritime polar cold front passed through the 
Tract C-b region during the evening of the 25th, lowering 


temperatures somewhat. 


The eastward progression of the long wave systems 
continued on the 26th of November. Large amplitude troughs were 
located in New England and on an Alberta, Canada, to Texas 
axis, while sharp ridges extended from Missouri to Minnesota 
and northward into Canada and also long the Pacific coast, 
northward into British Columbia. A cold front extended 
southward from Canada into Minnesota and from there into 
Oklahoma, at which point it curved westward into New Mexico. 
High pressure cells dominated the Ohio and Mississippi Valley. 
regions and also the western third of the country. Precipi- 
tation was scattered throughout the northern third of the 
nation. Clear skies and cool temperatures prevailed in the 


Tract C-b area. 
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Short waves and upper level lows moving eastward in 
the meridional long wave troughing pattern were the major 
meteorological forces on November 27th. Upper lows were 
ecentexed just morth of Maines. justynorth of: Minnesota: and 
in southern Washington on the morning of the 27th. One cold 
front extended from the Great Lakes to Tennessee and southwest- 
ward into central Texas on this day while another maritime 
polar cold front extended from Oregon southwestward into 
northern California. A weak high pressure system dominated 
the Plains states and the Intermountain Region. Precipitation 
was confined to the Great Lakes region, New England, and the 
Pacific Northwest. High cloudiness increased throughout the 
day in western Colorado in advance of the approaching upper 
low and surface cold front. A middle overcast covered the 
Tract C-b area by evening; temperatures remained cool. 

Rapid changes took place on November 28th. The upper 
low in Washington moved to a position over northern Utah and 
strengthened, while the other two upper lows over North 
America also strengthened but remained stationary. Meanwhile, 
the upper ridge over the Pacific Northwest amplified dramatically, 
which caused surface anticyclogenesis in southern Canada and 
the northwestern portion of the United States. The development 
of this large cold continental polar high cell caused a new 
frontal system to form from the Texas Panhandle westward to 
northern Arizona. Cold air streamed southward over the north- 
western haltvof the United States. Precipitation, mainly in 
the form of snow, occurred in the Great Lakes region and in 
the central Rockies and Intermountain Region. Western Colorado 
was cloudy throughout the 28th, with intermittent snow showers. 
Rather cold air advected into the area during the day. Clearing 


took place in western Colorado during the evening. 
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The deep long wave trough and strong upper ridge 
progressed eastward during the 29th as a transition to zonal 
flow over the United States began. The upper trough extended 
from Minnesota to New Mexico while the upper ridge extended 
northward from California to Alberta, Canada. The upper low 
over Utah filled as the trough was propelled eastward. A 
cold front extended from Tennessee to Arkansas and then into 
southern Texas. A large cold high cell centered just north 
of North Dakota dominated the weather over the western two- 
thirds of the nation. Precipitation, much of it in the form 
of snow, occurred from the Rockies eastward to the Mississippi 
Valley and southward to the Gulf of Mexico, and snow flurries 
occurred in the lee of the Great Lakes. Skies were clear 
throughout the day in the Tract C-b region, but very cold air 


continued to affect the area. 


By November 30th, the upper circulation had changed 
to a basically zonal pattern. An intense upper low was center- 
ed over northern Missouri with a strong upper ridge over the 
Intermountain Region. On the surface, a large, complex low 
system was beginning to organize over the Southeast while a 
strong ridge of high pressure extended from North Dakota to 
southern Texas. Cold continental polar air and high pressures 
dominated the western two-thirds of the United States. The 
eastern half of the United States was covered by cloudiness 
and precipitation. Snows occurred in the Rockies. Heavy snow 
fell in Missouri, Illinois, and Iowa. Skies were fair through- 
out the day in western Colorado but very cold air persisted in 


the Tract C-b region. 
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B. Summary of Meteonelopical, Statistics in 
Western Colorado during November 


fhe area of western) Colorado in the vicinity of the 
Tract C-b had below normal temperatures and above normal 
precipitation during the month of November. The area ex- 
perienced five cold frontal passages during November (Novem- 
Der son s)he 226 and! 75) aeineaddsitton) the: passacelor ian 
upper trough on November 28th brought extremely cold air into 
the region. Precipitation fell in the area on twelve separate 
daysnor sNovember, (November 175.2,,/3,. 45.8, 9, 10, 18819. 22. 
23, and 28). Of these precipitation occurrences, five involved 
snowfall in the area of the Tract C-b (November 1, 3, 19, 23, 
and 28). 


In general, the first twelve days of November had 
slightly below normal temperatures. From the 13th through the 
26th, temperatures were generally near to slightly above normal. 
From the 28th through the 30th of November, the Tract C-b 


experienced temperatures well below normal. 


The region experienced about 75 percent of the 
possible insolution during the month. Cloud cover (all types, 
but mostly high clouds) averaged 5.1 out of a possible 10 
during the period from sunrise to sunset in the region and 
4 Our VOL aypossible LO0for all 24-hour midnight to midnight 
periods during the month. The area experienced a total of 
twelve clear days, six partly cloudy days, and twelve cloudy 
days during November. Thunderstorms were scattered over the 
region on November 18th. Grand Junction, Colorado, about sixty 
miles to the south-soui west of the Tract C-b, measured 1.18 
inches of precipitation during November, which is .57 inches 


above normal for the month. 
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The following is a summary of all official FKUS 
Air Stagnation Narratives issued by the National Weather 
Service during November which pertain to the Tract C-b 
region. These messages were received over the National 
Weather Service's 'C'" Service Teletype Circuit, to which Radian 


subscribes via a ‘termanglean Les Ausieim: tacelreres: 


November 7th: "Gradual flattening of the 
upper ridge over the Southwest in conjunc- 
tion with the surface high will result in 
localized marginal dispersion over sections 
of California, eastern Nevada, Utah, western 
Colorado, Arizona and New Mexico today..." 
"Localized dispersion problems due to weak 
low level gradients through the interior 
Southwest will improve rapidly after the 
morning of November 8th..." 


November 13th: "The ridge over the Pacific 
Northwest is forecast to weaken and be 

forced southeast, spreading stagnation into 
the Great Basin and Idaho tonight...stagna- 
tion in the Great Basin will affect mainly 


night and morning dispersion conditions." 


November 14th: "A short wave moving into 
Colorado by Friday evening will cause weak- 


ening Of the csidge in themWest.. ») 


November 22nd: "In the wake of the upper 
trough moving out of the Rockies, computer- 
ized upper level progs show some ridging 


from California to Colorado by the morning 
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of the 24th. ihc an conjunction with 

the surface high and its associated light 
low level winds, may result in some mar- 
ginal dispersion conditions in the usually 
susceptible areas in sections of California, 
Nevada, Utah, and Colorado during the next 
36 to 48 hours. Low mixing hetghts during 
the late night and early morning hours will 
also support this stagnation although trans- 
port winds will generally be above the re- 


quired minimums... 
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C. Discussion of the Meteorological 
Conditions in the Monitoring 
Network during November 
Cold temperatures and periods of snowfall became 
rather common in the ambient air monitoring network in and around 
the Tract C-b during the month of November. Average tempera- 
tures in the network ranged from 26.7°F at Trailers 020 and 
021 in the Piceance Creek Valley to 33.3°F at the 200-foot 
level of the meteorological tower at Trailer 023 on the Tract 
C-b itself. Winds during the month were moderate in force on 
the plateau around the meteorological tower and rather light 
in the Piceance Creek Valley, where katabatic and anabatic 
(downslope and upslope, respectively) circulation cells accounted 
for much of the wind. Monthly average relative humidities 
both on the plateau and in the valley ranged between 60 and 
70 percent. Vector wind directions were southeasterly in the 
Piceance Creek Valley where the flow is constrained by the 
valley walls and south-southwesterly on the plateau, where syn- 
optic-scale pressure gradient forces normally control the 


direction and speed of the wind. 


The katabatie circulation cell continued jtovexertena 
large influence on the meteorology of the Piceance Creek Valley 
during November, althouth the anabatic, or upslope, cireullatioen 
cell which normally develops during the daylight hours was 
almost non-existent during the month. The katabatic flow was 
normally strongest, about 10 miles per hour sustained winds, 
at Trailer 022 at the eastern end of the monitoring network in 
the valley. The strongest drainage winds at this station 
normally occurred Erom 0100 ‘to 0500 hours in the mommmme, 

When northwesterly gradient winds extended down into the valley, 
they were normally strongest at Trailer 021, at the western 


end of the valley monitoring network. 


Mt (S275 


FReFAESEARRY corporariora 


Vector resultant winds for the valley stations during 
the month were: 1.4 miles per hour from 138.6° at Trailer 020, 
1.3 miles per hour from 123.2° at Trailer 021 and 3.2 miles 
per hour from 108.9° at Trailer 022. The highest five-minute 
average winds recorded during the month in the valley were 19 
mites per hour at) Trailer 020¢enethe eth, §23 milessper hour 
ab iraiten 021 on the 28th) amdalé miles per hour at Trailer 
022 on the 27th. The highest daily average winds occurred on 
November 28th. 


Relative humidities were rather uniform in the Piceance 
Creek Valley during the month. The monthly average relative 
humidities ranged from 69.9% at Trailer 022 to 62.6% at 
Trailer 021. Trailer 020 was intermediate with a 66% average 
relative humidity. The highest daily average relative humidities 


during the month occurred on November 2lst. 


Nighttime temperatures once again were coldest at 
Trailer 021 during November, due to the light winds, dry air, 
and strong radiational cooling which normally prevailed at this 
site. The other valley sites also experienced strong radia- 
tional cooling conditions, but not to the extent that they 
developed at, Trailer 021. On a clear night with light winds, 
the air at Trailer 021 was normally 5 degrees colder during 
the early morning hours than it was at Trailer 020, 10 degrees 
Colder than the air at Trailer 022, and 15 degrees or more 
colder than the air on the plateau near the meteorological 
tower. It can therefore be said that nighttime temperatures 
on clear nights generally increased as one progressed eastward 
up the Piceance Creek Valley. However, on nights when winds 
were ctronp, skies were cloudy, and precipitation fell, the 
strong radiational cooling did not develop and temperatures 
were rather uniform throughout the monitoring network, from the 


valley to the plateau. 
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Monthly average temperatures in the valley ranged from 
26.7° at both Trailers 020 and 021 te 28.9 at tratleus022. 
The highest daily average temperatures in the valley during the 
month occurred on November 22nd, while the lowest daily average 
temperatures were experienced on November 29th. The highest 
five-minute maximum temperature in the valley during November 
was 54°F at Trailer 022 on November 21st. Daytime maximum 
temperatures in the valley were generally highest at Trailer 
022. The lowest temperatures recorded in the valley were 
=i? B and -16 5. both occurring at Trailer 021, om Neowembere2Z3rn 


and 30th, respectively. 


On the plateau, meteorological conditions were often 
somewhat different from those in the Piceance Creek Valley. 
The diurnal variations in temperature and wind direction 
which were so prominent in the valley were not of as much 
importance on the plateau. The diurnal range of temperatures 
was much smaller within the Tract C-b itself because of three 
factors: (1) the plateau was not affected by the katabatic 
circulation cell te the extent that it aftected the valleye 
(2) radiational cooling conditions were not as strongly developed 
on the plateau as they were in the valley, and (3) thermally 
induced vertical mixing of the air during “clear or pare ly, 
cloudy days resulted in rather uniform afternoon temperatures 
throughout the monitoring network. The fifteen degree differences 
in temperature which existed during the night were not present 
during the day. During cloudy, windy, or wet conditions, how- 
ever, the temperatures were approximately the same at any given 
time, whether it was a meteorological tower level or a site in 


the valley. 


Winds were generally much stronger on the plateau than 
they were in the valley. “This can’ be attributed tomeneutacnr 
that the synoptic-scale pressure gradient force winds which 
affect the plateau seldom extend into the valley because of the 


terrain constraints.) The tower site, in partreular. momocten 
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affected by very strong winds which are affected only mini- 
mally by the terrain and its frictional dissipation forces. 


The meteorological tower continued to monitor some 
remarkable meteorological effects during November. On days 
with light winds and little, if any, pressure gradient forces, 
the winds varied considerably in direction with height and the 
winds were normally strongest at the 100-foot level. On days 
with strong south-southwesterly winds, the winds increased in 
speed by about 25% from the 30-foot level to the 200-foot level 
and generally veered in direction (progression in a clockwise 
dizection) by about 10 degrees from 30-feet to 200-feet. 

When strong northerly winds prevailed, about a 20% increase 

in speed from 30-feet to 200-feet occurred and the winds 
generally backed in direction (counter-clockwise) with increas- 
ing height. However, these phenomena are consistent with 


meteorological rules. 


When windy, cloudy, or rain/snow conditions existed, 
temperatures generally varied little with height at the meteo- 
rological tower, a situation which is to be expected because 
of the neutral stability conditions which prevail under such 
conditions. However, on clear days or nights when winds were 
fairly light, the lowest 100 feet of the surface boundary layer 
on the plateau were often decoupled from the atmosphere above 
it. That is, the ground-based radiation inversion generated 
during the night often was confined to the lowest 100 feet, 
with the temperature decreasing with herenterabove: that Level. 
Conversely, during the daytime hours on sunny days, the tem- 
perature normally decreased with height up to the 100-foot 
level. Above that height, however, an inversion layer some- 
times existed. On such occasions, therefore, the mixing 
depth over the meteorological tower site was only 100 feet. 


This elevated inversion situation was not a common occurrence, 
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but occurred often enough during November to merit some 


mention. 


The average vector resultant wind speed increased 
with height at the meteorological tower. The resultant speed 
was 3 miles per hour at 30-feet, 3.4 miles per hour at 100-feet, 
and 4 miles per hour at 200-feet. The vector resultant wind 
directions were 202.4 degrees at 30-feet, 189.9 degrees at 100- 
feet, and 214.0 degrees at 200-feet. For purposes of comparison,. 
Trailer 024, about lL mile north of the meteorological tower 
site, had a vector resultant wind direction of 145.5 degrees 


and a resultant speed of 1.1 miles per hour. 


The highest daily average wind speeds on the plateau, 
up to 18.6 miles per hour at the 200-foot level, were recorded 
on November 18th, while the lowest daily average wind speeds 
on the plateau occurred on November 9th. The highest five- 
Minute average wind speeds at the meteorological tower occurred 
on November 25th. 


The monthly average temperatures at the tower site 
increased with height, ranging from 31.8°F at 8 feet (partially 
because of radiational cooling effects) to 33.3°F at 200 feet. 
The 30-foot level averaged 32.4°F and the 100-foot level averaged 
33212) athe highest daily average temperatures during the 
month, L1-22E to OD GAN occurred on November 21st. The coldest 
daily average temperatures on the plateau were recorded on 
November 29th, with the daily averages ranging from 13 .j6 Fete 
1553 °Fewoiee highest five-minute average temperature recorded 
at the tower site during the month was 53°F at the 8-foot level 
on the 21st. The lowest temperature recorded on the plateau 
was a fy at both the 8- and Z2Z00-foot level's on thesadth. 
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Relative humidities were fairly uniform over the 
plateau during the month, averaging in the low 60's at all four 
tower levels and at Trailer 024. November 3rd and 9th were the 
most humid days of the month on the plateau, while the 2lst was 


the driest. 


Solar radiation measurements showed a direct cor- 
relation with cloud cover, atmospheric moisture, turbidity of 
the air, and solar elevation during November. The highest 
hourly totals of solar radiation received at the meteorological 
tower during the month were 49.20 langleys from 1100 to 1200 
hours on November 29th and 48.50 langleys from 1000 to 1100 


hours on November 5th. 
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VE. DATA PRESENTATION AND SUMMARY 


This section includes summaries for various recorded 
data at the monitoring sites. The data presentations indicate 
the variability of pollutant concentrations and meteonolvorzreal 
paraneters with Loeation and time. © In addition, the presenta 
tions indicate the functional dependence of pollutant concentra- 
tion with wind direction. All data except suspended particulates 
(24-hour samples) are sampled once each second, but recorded as 
five-minute arithmetic averages of the one-second samples. This 
averaging technique tends to smooth instantaneous maximum values, 
and is especially evident when comparing wind EuSts to Local 


weather buseaw data. 


Inherent to any data acquisition system is random noise 
both from the recording instruments and quantization in the analog- 
to-digital conversion. The lower threshold for all analytical in- 
struments is twice the maximum noise level generated by the in- 
struments. This lower threshold is 5 ppb for all anstrumenes, 
except for the ozone analyzer for witeh tt as (02> ppb. sine retou, 
any values appearing in the data presentations that are less than 
5 ppb indicate only a trace of pollutant in question and should 
not be construed to be absolute levels. In addition, when 
concentration levels drop below the lower threshold, the re- 
corded quantity is simply random noise and averages tend toward 
zero. Thus, when concentrations are below the lower threshold 
of the analytical instruments they may appear as a zero entity in 
the data presentation which does not indicate absolute zero 


concentration. 
All pollutant data (except for particulate data is 


taken at the monitoring site im integer parts pex bilivon Cp) 


but is presented here in micrograms per cubic meter (jig/m-) 
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assuming standard temperature and pressure of 25°C and 760 mmHg 
(Ome =2ymalilibarcs), respecrively the scale’ factors required 
to convert pg/m*? at standard conditions back to ppb for the 
various pollutants are given in the following table. 


TO CONVERT yg/m? AT. 25°C 
AND 760 mmHg TO ppb MULTIPLY BY 


POLLUTANT 


NO. i 534 
NO 534 
NO» . i - 534 
S02 , | ey. SeSeyA 
oon | apap 
THC 1.536 
CH, 3 1.536 
ee) | S77 
0; | 512 


The units of the meteorological parameters are given in 
the table... It should be noted here that inside temperature is 
Monltored sand secorded as a Lunctional part of the system but is 


not presented in this report. 


Fable Wi displays the monthly statistics for each 
fomleconing, station for the month, Po insure, statistical sig- 
nitiucanee, and. to reduce the possibility of introducing’ a bias 
in the presentation, averages are computed only when at least 
50 pereent of the Semples are present, except for relative 
hunidity and temperature, in which case 75 percent of the samples 
are required. If less than the required samples are present for 


a particular parameter, that entry will be blank. The number of 
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samples present for a particular channel is defined) as) the totar 
possible number of five-minute samples for the averaging time 
less the computer downtime less the channel downtime less the 
channel calibration time. The averages in fable LIL ave arith 


metic averages with the following exceptions: 


Wind speed and wind direction are 
computed using a vector averaging 
technique where the wind speed is 


treated as the vector magnitude. 


Particulate averages are computed 


as the geometric mean. 


Table IV displays the daily averages. Again, 50 percent 
of the five-minute samples are required in order to compute an 
average except for the cases of relative humidity and temperature 
which require 7/5 percent. A blank entry indicates an imsuetreveme 
number of five-minute samples present for that day. Wind speed, 
wind direction, and particulate averages aré computed the same 


way as described in Table IIT. 


Table V presents the maximum daily five-minute average 
retained in the data base as well as the time of occurrence. A 
five-minute maximum average is printed if any samples are present 
for that day. Therefore, the maximum five-minute average for a 
channel which experienced considerable downtime or calibration 
time during the day in question may be misrepresentative of the 


maximum expected for that channel on that day. 
Table VI indicates the five largest averages for 


various averaging times. The table shows the period of time 


covered by the average. Maxima are chosen so that time segments 
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are independent. The maximum averages reported are found using 
a ‘sliding average’ technique with the exception of the 24-hour 
particulate average which is computed from midnight to midnight 
and the 3-hour hydrocarbon average which is computed from 6:00 
tow? 007a.m only.) For averaging weimes ess than or sequal to 
three hours, the sliding average is stepped one five-minute 
Samplevatvajtime. For longermsaveraging times the step size is 
twelve samples or one hour. For averaging times less than or 
equal to one hour 100 percent of the five-minute samples must 
be present to compute an average. Averaging times preater than 
one hour require 90 percent. Whether or not a sliding average 
is computed is solely determined by the number of samples present 
in that averaging time and is independent of daily and monthly 


averaging criteria. 


To demonstrate the functional dependence of recorded 
parameters upon wind direction, Table VII shows pollutant con- 
centration displayed in a bi-variate distribution with wind 
direction. The tables display the total numper of five-minute 
samples occurring in each concentration and wind speed class. 
ihe mean concentration tor all sampkes occurring in each wind 
class are also shown. This distribution demonstrates the 
dependence of high pollutant concentrations upon wind direction. 
Appendix A contains stability-wind rose diagrams. 


The wind speed classifications used in Appendix A are 
based on the Beaufort wind scale classification system. This 
is a system of estimating and reporting wind speeds, invented in 
the early nineteenth’ century by Admiral Beaufort of the British 
havye phe was, Originally based on the effects of various wind 
Speeds once amount of canvas that a full-ripsed frigate of the 
pertod couldmecaxrry, but hasi’since been modified and modernized. 
files presen. Lot LOr Interynattonal meteorological use ‘Lt 


equates) (a) Leautort ferce (or Veautore number); (b) wind speed; 
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(c) descriptive term; and (d) visible effects upon land objects 


or the sea surface. One land adaptation is the NRM wind scale. 


The six basic wind speed classifications used in the 
report ares’ 1-3 knoes,) 4-6 knots, /-10) knots, 1-6 knots, 
17-21 knots; and winds of greater than 21 knots: The follow: 
table is a complete description of the Beaufort Wind Scale, 


taken from Physical Climatology, by Helmut Landsberg, 1969. 


BEAUFORT WIND SCALE FOR OBSERVATIONS AT LAND STATIONS 


Corresponding Limits of Wind Speed 


——————o = 


Explanatory at 10 meters ab. erd. 
- Force Title Specification for Use | ———_ 
& Mi/hr. IXnots Im /hr. M/sec. Ret /secs 
0 Galintaors rere eters Smokes iS@sneriul Gall Warepetetleke stolen ctetedatete tera i <i <i <1 0.3 1 
1 Tae Airs case so0c Direction of wind shown by smoke drift, 
but not by. wind Vanes. .5...cccmesae- 1-3 1-3 1-5 0.3-1.5 1-5 
2 Wichtbreezeertererr Wind felt on face: Icaves rustle; ordinary 
SAIN ONE IOS! WHINE 6 oa g0ocdooDCeC 4-7 4-6 6-11 1.6-3.3 6-11 
3 Gentle breeze..... Leaves and small twigs in constant mo- 
tion; wind extends light flag.........- §-12 7-10 12-19 3.4-5.4 12-18 
4 Modcrate breeze...| Raises dust and loose paper; small bran- 
ARGS AIRS MNO Ss a cosaseocvongusoobe 13-18 11-16 20-25 59-729 19-25 
5 Jereshy) bnecez@aterr Small trees in leaf begin to sway; wave- ‘ 
Jets formiecommin ama wcalvenonreriereitcletr 19-24 17-21 29-38 §.0-{0.7 27-35 
6 | Strong breeze..-.. Large branches in motion; whistling heard - 
jn telegraph wires; umbrellas used with 
OWING an aoe aan couRmcaoUacdmcc 25-31 22-27 39-49 10.8-13.8 36-45 
7 ighanvitrcleryererenerer Whole trees in motion; inconvenience felt x 
when waiking against wind. ......--.- 32-38 28-33 50-61 13.9-17.1 46-58 
8 Fireshivale@meicar cel Breaks twigs off trees: generally impedes 
WROMHCSS A Metepe Neier re ele tenetoren lel eeletstel sor 39-46 31-40 62-74 17.2-20.7 $7-68 
9 Strong galemereeci Slight structural damage occurs (chimney 5 
pots and slates removéd).....c2.-,-+ 47-54 41-47 75-88 20.8-24.4 69-S9 
10 | Whole gale....... Seldom experienced inland; trees uprooted; 
considerable structural damage occurs.. 55-63 48-55 §9-102 24.5-28.4 §1-93 
11 SiiGhMboo6aceboo06 Very rarely experienced; accoinpianicd by 
WIG CSIC Cle Catt aUge aie) itor ole teteloleorelsreker= 64-72 56-63 103-J17 28.5-32.6 94-105 
12 Odes cemoaaal) Hacrocbooddo coddandsaerdsOodgDOAdODOS 73-82 64-71 118-133 RA 109} 107-123 
13. Wisk sceuetavsia, re reraehore: oovelll otelatenstasnencu cl ole uelicyer cliche clehalsleuekesescioholarerstavelesere §3-92 72-80 134-1459 37.0-41.4 122-435 
Ve Ys Siar erento ares ceeneretell ce) cheRenohotatelich cleteroe tel teleleleveletelel Neier e) slalarelaiarersye 93-102 §1-89 150-166 41.5-46.1 137-151 
GS Ab odo otersucton) wavateue eve’ ll eeehetotatetereicle sletelelares nietoteisvere: apelels¥eloveievereetera Oe JOt-V14 90-99 167-183 4$.2-50.9 152-165 
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Source: Table 36(p. 119) in R. J. List (1951); Smithsonian Meteorological Tables; Smithsonian Misccl!. Coll. Vol. 14. 
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Table VIII demonstrates the diurnal variation of vari- 
ous recorded parameters. Hourly averages are determined by arith- 
metically averaging five-minute: samples, except for wind direction 
magnitudes. Totals in the diurnal wind direction tables are 
vector averages of the columns and rows. For all parameters, 

a blank entry in the diurnal variation table indicates that 
less than half (i.e., less than 6) of the five-minute samples 


fore that hour, are present: 


It should be noted that the hydrocarbon levels presented 
do not represent ambient concentrations. The values are influ- 
enced by a contamination of the sampling cane. The hydrocarbon 
levels were significantly reduced after carefully cleaning the 


sampling cane apparatus. 


Times given in the data presentation are Mountain 


Standard Time. 
To facilitate comparison of recorded concentrations 


to ambient air quality standards, the following regulations are 


presented. 
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APPENDIX A 
© STABILITY WIND ROSE DIAGRAMS 


According to the data presented in AEC Safety Guide 
No. 23, the relationships between stability classes and Og are 
as follows (the values shown are averages for each stability 
classification...6, is the standard deviation of horizontal 


wind direction, Eluctuatrons)= 


Average Values 


Stability Pasquill 56 
_  Classtivea tion Categories (degrees) 
Extremely Unstable A 25 30 
Moderately Unstable B 20, 0 
Slightly Unstable 6 5 se 
Neutral D LOMO 
Slachtly Stabie E pOe 
Moderately Stable F 25° 
os stability wind roses obtained at the treubers: meine 
monitoring network are displayed in the following tables. Because 


of the relatively low heights above the surface (9 meters) at which 
the wind data is taken, the stability distributions are skewed 
toward the unstable end of the spectrum. That is, the unstable 
classes (A, B, and C) have a much higher frequency of occurrence 
than would be obtained with the Pasquill method of stability 
categorization (or with instruments até higher levels), 


Table 1 depicts the frequency distribution of Pasquill 
Stability categories based on So from data collected by M. M. 
Pendergast and T. V. Crawford at the Savannah River Plant 
("Actual Standard Deviations of Vertical and Horizontal Wind 
Direction Compared to Estimates from Other Measurements", 
Symposium on Atmospheric Diffusion and Air Pollution, September 


3-13, 1974). “Three dieting t ranee pat tors ot stability lags 


PL Gra 


CELA COLLAR cerpornvior 


istributions were observed: low, mid, and high, according to 


the height at which the Og Measurements were taken. 


TABLE 1 
Frequency distribution of Pasquill Stability Categorics 


Stability Categories based ono 


ck ere Re OS ee alg 6 

A D E F G 
Hetgnes Og >23 18 <o, <23 13 0g <18 8B <o, <13 4 <0, <8 2<o, <4 a, <2 

10 22.6 13.9 21.8 28.9 8.9 Grae aKG 

36 «(19.3 11.8 19.4 32.4 15.9 Do) Ons cos RAREE 
91 9.6 67 13.5 21.7 29.6 1o.dy 225) i, 
137 9.3 5.8 Wez 20.8 28.5 18.4 5.5 MID Rance 
182 7.0 2.9 6.8 nl 25.9 O5h6) a7 

243 29 4.3 9.4 17.7 27.6 92.9 10.4 HIGH RAKE 
304 7.2 3.7 8.0 17.2 28.7 23.9 11.3 


Also. Piepure lt (frome. H. Slade, Meteorolory and 

Atomic Energy, 1968, p. 52) demonstrates that the line represent- 
ime very stable conditions (which by theix nature are associated 
with light winds) branches into three separate lines near the 
ground. The curve at the left represents the smallest values of 
Ty usually observed. The curve that branches off to the right 
reflects the contribution of very low-level wind direction meander 
to the total standard deviation. These meandering oscillations 
decrease in amplitude very rapidly with height under stable 
conditions. The central curve represents typical inversion 
Gondwilous esecrlally tor ageiven Stabality condition, values of 


O- will alwaysmbe @reater when the wind is light than when 2€ is 


0 
sexonp. [his phenomena'’is most moticeablle in the, lowest layers. 
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PRAMS CLAY ceorrarravicsra 
Figure l 
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Og (deo) 


- The vertical variation of the lateral wind- 
direction standard deviation (aq) for various stability 
regimes. The curves represent average or typical 
conditions with the exception of the two outer ‘‘very 
Stable’? lines, which represent extremes. 


The large surface values of ora for unstable conditions 


do not decrease very rapidly with height. 
very stable conditions, 


As in the case of 
the greatest lateral fluctuations during 
a very unstable thermal structure occur with very light winds. 


As a general rule, for a given insolation condition, increasing 
wind speeds are associated with profiles of o 


0 that tend toward 
neutral stability. 


The majority of the trailers in the network recorded 


very light winds throughout the month. Therefore, the stabrilney 


distributions had a predominance of high ofa values and) ence, 


unstable classifications.) Ihosevtiraviers with thephagiest 


average winds (and fewest nearby obstacles to the flow) generally 
had the more reasonable and representative 


low-level stability 
Class dustraputrvonce 
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